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Foreword to the 
First Edition 


It is common knowledge that books play a major complement 
in any educational process. While they are envisioned to facili earning beyond 
classroom exercises, not all of them promote learning; , hinder it. 







ontributing role 


To be useful and worthwhile, a book has to be so designe o present an appropriate 
body of knowledge in a style that suits students/íf a Particular stage of learning: 
undergraduate, postgraduate, or postdoctoral. 

Accordingly, a book in pharmacology for MBBS phase-II students would have a body 
of knowledge that relates with the study-coukse objectives and contains must know' and 
'nice to know' levels of factual, conce and plied aspects of the subject. It has a 
presentation style that offers an integ ee 98ite picture of the subject interspersed 
with lucid explanations, cogen reagoni} g and logical networking of information. Contents 
will enable students to grasp topics in profer perspective and trigger students higher mental 
skills like critical thinking, log aiig, etc. Proficiency so acquired would enable the 
students to not only cle g tests but also to wisely manage drug issues in future. 
ok'$a challenging task, especially if it is to be concise and comprehensive 
in scope. Such a versiomdemands wise sifting, prudent pruning and meaningful condensing 












Commendably, Dr (Mrs) Tara Shanbhag has accomplished this in her very first venture. 
A fairly large number of charts, diagrams and other forms of illustrations in the text amply 
demonstrate this. No wonder, she has received “Good Teacher’ award time and again. 

A well written concise book as this one, serves twice as a preparatory tool: at the start 
of the study-course it provides a road-map of the subject to be learnt and thus tunes 
the students for deeper learning; and at the course-end (and examination time) it helps 
in rapid review and recapitulation of what is learnt. 

I am confident that this well thought out and well planned book, Preparatory Manual 
of Pharmacology for Undergraduates by Dr Tara V Shanbhag will be of tremendous use 
to the students. 

With pleasure, I compliment Dr (Mrs) Tara V Shanbhag, an erstwhile postgraduate 
student of mine, for such a fine piece of work. 


Professor DR Kulkarni 

Formerly: Head, Department of Medical Education, BM Patil Medical College, Bijapur; 
Director of PG Studies, Head, Department of Pharmacology, KMC, Manipal; 
Principal, Dr. Patil Medical College, Kolhapur; 

Head, Department of Pharmacology, JNMC, Belgaum; 

President, Pharmacological Society of India (1995) 
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Preface to the 
Third Edition 


Pharmacology B'OHS of the fast-growing branches of medical ce and requires 
addition of latest information from time to time. Now i edition this 


book is aptly named P harmacology for Medical ejes includes significant 








expansion and revision of the second edition. The s d presentation form has 
been retained — simple diagrams, self-explanatory floweharts, tables and student- 
friendly mnemonics. Some new topics like ites CNS stimulants, 
drugs for the treatment of psoriasis and ac lgaris have been included. The textual 
presentation in tabular format helps in duic eading and recall. Definitions and 
treatment schedules have been incorporated a per O guidelines. This extensively 
revised and updated edition wil u not only for the students of medicine 
but also for practicing do a 

We are extremely than dents and colleagues, who had given us 
valuable feedback for thi y 

We hope this edition/will meet the requirements of the undergraduate medical 
er learning tool. We would sincerely appreciate critical 
ual and suggestions for further improvement in future. 
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students and servi 


Tara V Shanbhag 
Smita Shemoy 
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Preface to the 
First Edition 


Pharmacology is a vast subject with many crucial aspect ed)to drugs, their 
composition, uses, effects, interactions, etc. which m ject complicated 
and difficult to comprehend. C 

During the course of interaction with my student well as those of other 
universities where I went as an examiner, I RE difficulties faced by them 
while preparing for their exams due to vast f the subject. This motivated me to 
write a preparatory manual that condenses | subject into essential elements 
and yet covers the undergraduate lau 

The present book thus is a cond 
is presented in a simple, precisa 
would not only make it easier į 
manner, but would ; 
examination. Furthe 
students, num 


xam-oriented preparatory manual. The text 
-wise manner. This style of presentation 
ents to understand the subject in a better 
to quickly review and revise the subject before 
learning simpler and comprehension easier for the 
owcharts and line diagrams have been included. 









I thank my postgradiiáte students and colleagues. 
I am grateful to Professor DR Kulkarni for his guidance and suggestions and for 


writing the Foreword. 
I would appreciate critical appraisal of this manual and suggestions for improvement. 


Tara V Shanbhag 


p o e e EE 





Brief Contents 


Foreword to the First Edition 
Preface to the Third Edition 
Preface to the First Edition 


Chapter 1 General Pharmacology 
Chapter 2 Drugs Acting on Autonomi eh". System 
Chapter 3 Drugs Affecting Cardidyascular Function 
Chapter 4 Renal Pharmac a 
Chapter 5 Drugs roi tral Nervous System 
Chapter 6 amt piratory System 
Chapter 7 ed in the Treatment 

| trointestinal Diseases 


Chapter 8 rugs Acting on Blood and Blood-forming 
Organs 
Chapter 9 Endocrine Pharmacology 


Chapter 10 Drugs Acting on Uterus 
Chapter 11. Chemotherapy 
Chapter 12 Miscellaneous Drugs 


Index 


v 
vii 
ix 


52 
110 
162 
1/6 
249 


285 


310 
333 
397 
403 


Dir 
545 





p 


Contents 






foreword to the First Edition 
. “8 s 
preface to the Third Edition ii 
i 
Preface to the First Edition ) ie 
Chapter 1. General Pharmacology 1 
Introduction (Definitions and Sources of Drugs) 1 
Routes of Drug Administration, 3 
Pharmacokinetics 9 
Pharmacod Y 26 


g Action 35 


Factors 
g i 
ional Use of Medicines 41 
verse Drug Effects 42 
Treatment of Poisoning 46 
Poison Information Centres 47 
Pharmacoeconomics 48 
New Drug Development 48 
Chapter 2 Drugs Acting on Autonomic Nervous System 52 
Introduction to Autonomic Pharmacology 52 
Cholinergic System 55 
Cholinergic Agents (Cholinomimetics, m 


Parasympathomimetics) 





Chapter 3 


Chapter 4 


Chapter 


Anticholinergic Agents (Cholinergic Receptor Blockers) 


Antimuscarinic Agents (Anticholinergic Agents) 


Skeletal Muscle Relaxants 


- Adrenergic Agonists (Sympathomimetic Agents) 


Adrenergic Receptor Blockers 
Alpha Adrenergic Blockers 


Beta Adrenergic Blockers 


Drugs Affecting Cardiovascular Function 
Antihypertensive Drugs 

Antianginal Drugs 

Drugs used in Congestvd Card (card iac Failure 
Antiarrhythmic D 

egy 





tidiuretics 


Drugs Acting on Central Nervous System 
Neurotransmitters and Central Nervous System 
Sedatives and Hypnotics 

General Anaesthetics 

Local Anaesthetics 

Alcohols (Ethanol and Methanol) 
Antiepileptic Drugs 

Analgesics 

Opioid Analgesics 


Antiparkinsonian Drugs 


110 
111 
125 
137 
146 
156 
160 


162 


163 


172 


176 
176 
177 
185 
194 
203 
206 
216 
217 
228 


gn ee 


Drugs for Alzheimer’s Disease 233 
Cognitive Enhancers (Nootropics) 233 
CNS Stimulants 234 
Psychopharmacology 235 
Antipsychotic Drugs 236 
Antianxiety Agents 240 
Antidepressants 240 
Drugs for Bipolar Disorder 245 
Chapter 6 Autacoids and Respiratory Syst 249 
Histamine and Antihistamines 249 
5-Hydroxytryptamine: Agonists and Antagonists 253 
Prostaglandins (PGs) Leukotrienes (Eicosanoids) ^ 257 
Nonsteroidal P ry Drugs 260 
Drugs Used i ye of Gout 269 
Drugs U atment of Rheumatoid Arthritis 273 
stem 276 

Chapter 7 Used in the Treatment 
astrointestinal Diseases 285 
Emetics and Antiemetics 285 
Antidiarrhoeal Agents 293 
Pharmacotherapy of Inflammatory Bowel Disease 295 
Laxatives (Purgatives, Cathartics) 297 


Pharmacotherapy of Peptic Ulcer and 
Gastroesophageal Reflux Disease 301 


Chapter 8 Drugs Acting on Blood and Blood-forming 
Organs 310 


Drugs Affecting Coagulation and Bleeding 310 


Haematinics and Erythropoietin 324 





Chapter 9 Endocrine Pharmacology 


Introduction 


Hypothalamic and Pituitary Hormones 


Thyroid and Antithyroid Drugs 


Sex Hormones and Their Antagonists 


Corticosteroids 


Insulin and Oral Antidiabetic Agents 


Agents Affecting Calcium Balance 


Chapter 10 Drugs Acting on Uterus 


Uterine Stimulants and Rel 


General Conside 


Sulphona ^ 
E) 
Q *. esvand Fluoroquinolones 


(ctis 


ephalosporins 


Carbapenems 


Monobactams- 


Aminoglycosides 


Tetracyclines 


Chloramphenicol 


Macrolides 


Miscellaneous Antibacterial Agents 


Urinary Antiseptics 


Drugs Useful in the Treatment of Sexually 


Transmitted Diseases 


© 


Chapter 11 Chemotherapy © 


333 
333 
334 
340 
347 
363 
374 
389 


397 


397 


403 
403 
412 
414 
416 
421 
428 
43] 
432 
432 
437 
440 
442 
444 


448 


449 





Chapter 12 


Index 


Antipseudomonal Agents (Drugs Used 
in Pseudomonal Infections) 


Drugs Used in Anaerobic Infections 
Drugs Used in Typhoid Fever 

Drugs Used in Staphylococcal Infections 
Antitubercular Drugs 

Antileprotic Drugs 

Antifungal Agents 

Antiviral Agents 


Antimalarial Drugs 


Antiamoebic Drugs O 
Anthelmintics ( ) 


Anticancer Drugs & 


Miscellaneou os 


Immuno ^. 5ssdfits and Immunostimulants 


A and Disinfectants 


itamins 





inerals 
Vaccines and Antisera 
Drugs Acting on Skin and Mucous Membrane 
Drug Therapy of Scabies and Pediculosis 
Enzymes in Therapy 
Drug Treatment of Medical Emergencies 


Drugs Used for the Treatment of Psoriasis 


Drugs for Acne Vulgaris 


450 
451 
451 
451 
452 
460 
463 
472 
481 
493 
499 
504 


517 


517 
519 
925 
528 
532 
534 
536 
538 
539 
539 
539 
543 
545 





CHAPTER 1 
General 
Pharmacology 


INTRODUCTION (DEFINITIONS AND SOURCES UGS) 


Pharmacology: It is the science that deals with the'effectsyof drugs on living 
systems. 

Drug: WHO defines drug as 'any substance ed is used or intended 
to be used to modify or explore phil s ems or pathological states 
for the benefit of the recipient’. 

Pharmacokinetics: It means thesfievement of drug within the body; it 









includes the processes of abso , distribution (D), metabolism 
(M) and excretion (E). It mean body does to the drug. 
Pharmacodynamics: It is«the of drugs—their mechanism of action, 


eir adverse effects. It covers all the aspects 
the body’. 


pharmacological aétion 
relating to ‘what the 
Pharmacy: It is the d 
ervation, standardization, compounding, dispensing and proper utilization 


is the aspect of medicine concerned with the treatment of 





with chemical compounds that cause relatively selective damage to the 
infecting organism/cancer cells. 

Toxicology: It is the study of poisons, their actions, detection, prevention 
and the treatment of poisoning. 

Clinical pharmacology: It is the systematic study of a drug in man, both in 
healthy volunteers and in patients. It includes the evaluation of pharmaco- 
kinetic and pharmacodynamic data, safety, efficacy and adverse effects of a 
drug by comparative clinical trials. 

Essential medicines: According to WHO, essential medicines are ‘those 
that satisfy the healthcare needs of majority of the population’ They should 
be of assured quality, available at all times, in adequate quantities and in 
appropriate dosage forms. They should be selected with regard to disease 
prevalence in a country, evidence on safety and efficacy, and comparative 
cost-effectiveness. The examples are iron and folic acid preparations for 
anaemia of pregnancy, antitubercular drugs like isoniazid, rifampicin, 
pyrazinamide, ethambutol, etc. 


= Orphan drug: Drugs that are used for the diagnosis, treatment or preven- 


tion of rare diseases. The expenses incurred during the development, manu- 
facture and marketing of drug cannot be recovered by the pharmaceutical 
company from selling the drug, e.g. digoxin antibody (for digoxin toxicity), 
fomepizole (for methyl alcohol poisoning), etc- . 

= Over the counter drugs (OTC drugs, non-prescription drugs): These 
drugs can be sold to a patient without the need for a doctor's prescription, 
e.g. paracetamol, antacids, etc. 

= Prescription drugs: These are drugs which 
ducing the prescription of a registered medi 
antipsychotics, etc. 


can be obtained only upon pro- 
cal practitioner, €.8 antibiotics, 







Sources of Drug Information 


Pharmacopoeia: It is a book which contains a list 
approved drugs with description of their physicaLand ene ical characteristics and 
tests for their identification, purity, methods izor etc. Some of the pharma- 

Mpritish Pharmacopoeia (BP), the 


copoeias are the Indian Pharmacopoeia (IP), th 
ed States Pharmacopoeia (USP). 


European Pharmacopoeia (EP) and the U 
ational Formulary (NF), Martindale— 


Other sources of drug informationgre N 
the Extra Pharmacopoeia, Physicia esk Reference (PDR), American Medical 
Association Drug Evaluation, t o journals of pharmacology and thera- 
peutics, drug bulletins, database icromedex, Medline, Cochrane Library, 
etc. Information can/also (be obtained from pharmaceutical companies through 


their medical represe ngs and drug advertisements in journals. 


shed and officially 











ation about the available drugs in a country - their 
ects, contraindications, precautions, warnings and guid- 


ight drug for a range of conditions. 


Drugs usually have three types of names, which are as follows: 


Chemical name Non-proprietary name _ Proprietary name/brand name 


Acetylsalicylic Aspirin e Disprin 
acid e Ecosprin 
N-acetyl- Paracetamol e Crocin 
p-aminophenol (Acetaminophen) e Metacin 
e Tylenol 


as 1 gg tii UT IE aS 


1. Chemical name: It denotes the chemical structure of a drug, e.g. acetylsali- 
cylic acid is the chemical name of aspirin and N-acetyl-p-aminophenol for 
paracetamol. It is not suitable for use in a prescription 

2. Non-proprietary name: It is assigned b ienti 

e: y a competent scientific body/ 
authority, e.g. the United States Adopted Name (USAN) council. It is 





commonly used as generic name. The WHO* along with the national no- 
menclature committees of its member countries selects the International 
Nonproprietary Name (INN) for a drug. It is uniform throughout the world 
and denotes the active pharmaceutical ingredient. Ideally, generic names 
should be used in prescriptions because it is economical and generally uni- 
form all over the world than the branded counterparts, e.g. aspirin and 
paracetamol are generic names. 

3. Proprietary name (brand name): It is given by the drug manufacturers, 
Brand names are short and easy to recall. A drug usually has many brand 
names—it may have different names within a country and in different 
countries. Brand names can also be used in prescriptions. Disprin is a brand 
name of aspirin; Crocin for paracetamol. 


Sources of Drugs 


They are natural, semisynthetic and synthetic. Natüral sources are plants, 
animals, minerals, microorganisms, etc. Semisyn gs are obtained from 
S 


natural sources and are later chemically modifiéd. Synthetic drugs are produced 
artificially. 
The different sources of drugs are: e 


1. Plants: 





ROUTES OF DRUG ADMINISTRATION 


Most of the drugs can be administered by different routes. Drug- and patient- 
related factors determine the selection of routes for drug administration. These 
factors are: 


Characteristics of the drug. 

Emergency/routine use. 

Condition of the patient (unconscious, vomiting and diarrhoea). 
Age of the patient. 

. Associated diseases. 

. Patient's/doctor's choice (sometimes). 


ANUV NP 








*S Kopp-Kubel. International Nonproprietary Names (INN) for pharmaceutical substances. Bull World 
Health Organ 1995;73(3):275-279. 
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Routes 
Local Systemic 
Enteral Parenteral 
- Oral — Injection 
— Sublingual —- Inhalation 
— Rectal — Transdermal 


Routes of drug administration 


Local Routes 


It is the simplest mode of administration of a d the-site where the desired 
action is required. Systemic side effects are mi 








1. Topical: A drug is applied to the skin ous membrane at various sites 
for localised action. e 
(a) Oral cavity: As suspension tatin; as a troche, e.g. clotrimazole 
(for oral candidiasis); Æsa cr .g. acyclovir (for herpes labialis); as 
ointment and jelly, ao aine hydrochloride (for topical anaes- 
thesia); as a spray, e.g) 1096 lignocaine hydrochloride (for topical anaes- 
thesia). 
(b) GI tract: Ast ble s not absorbed, e.g. neomycin (for sterilization 
of gut irgery). 
al canal: 


enema (administration of drug into the rectum in liquid 


Evacuant enema (for evacuation of bowel): For example, soap 
water enema—soap acts as a lubricant and water stimulates the 
rectum. 
- Retention enema: For example, methylprednisolone in ulcerative 
colitis. 
(ii) As a suppository (administration of the drug in a solid form into 
the rectum), e.g. bisacodyl suppository for evacuation of bowel. 

(d) Eye, ear and nose: As drops, ointment and spray (for infection, allergic 
conditions, etc.), e.g. gentamicin—eye and ear drops. 

(e) Bronchi: As inhalation, e.g. salbutamol, ipratropium bromide, etc. (for 
bronchial asthma and chronic obstructive pulmonary disease). 

(f) Vagina: As tablet, cream, pessary, etc. (for vaginal candidiasis). 

(g) Urethra: As jelly, e.g. lignocaine. 

(h) Skin: As ointment, cream, lotion, powder, e.g. clotrimazole (antifungal) 
for cutaneous candidiasis. 

2. Intra-arterial route: This route is rarely employed. It is mainly used 
during diagnostic studies, such as coronary angiography and for the 


administration of some anticancer drugs, e.g. for treatment of malig- 
nancy involving limbs. 


3. Administration of the drug into some deep tissues by injection, e.g. ad- 


Ln of triamcinolone directly into the joint space in rheumatoid 
arthritis. 


Systemic Routes 
Drugs administered by this route enter the blood and produce systemic effects. 


Enteral Routes 


They include oral, sublingual and rectal routes. 






Oral Route 


It is the most common and acceptable route for drug admi 
forms are tablet, capsule, syrup, mixture, etc., e.g. Cy 
omeprazole capsule for peptic ulcer are given UU 

© 

se. 


Ol tablet for fever, 


Advantages 


Safer. 
Cheaper. 
Painless. 


Convenient for repeated D. u 
Can be self-administere 
Disadvantages 
r/in: 


og 
e and^highly irritant drugs. 


drugs (e.g. aminoglycosides). 
E re destroyed by digestive juices (e.g. insulin). 

a ith extensive first-pass metabolism (e.g. lignocaine). 
® unconscious patients. 
B 

B 








uncooperative and unreliable patients. 
patients with severe vomiting and diarrhoea. 
= Not suitable for emergency as onset of action of orally administrated drugs 
is slow. 


Sublingual Route 


The preparation is kept under the tongue. The drug is absorbed through the buccal 
mucous membrane and enters the systemic circulation directly, e.g. nitroglycerin 
for acute anginal attack and buprenorphine for myocardial infarction. 


Advantages 


Quick onset of action of the drug. 

Action can be terminated by spitting out the tablet. 
Bypasses the first-pass metabolism. 
Self-administration is possible. 


Disadvantages - 


m [tis not suitable for: 
= irritant and lipid-insoluble drugs. 
8 drugs with bad taste. 


Rectal Route 
Drugs can be given in the form of solid or liquid. 


1. Suppository: It can be used for local (topical) effect (see p. 4) as well as 
systemic effect, e.g. indomethacin for rheumatoid arthritis. 

2. Enema: Retention enema can be used for local effect (see p. 4) as well as 
systemic effect. The drug is absorbed through rectal mucous membrane and 
produces systemic effect, e.g. diazepam for status epilepticus in children. 


Parenteral Routes 
Routes of administration other than enteral mC lled parenteral routes. 


Advantages 
= Onset of action of drugs is faster, hehe sable for emergency. 
m Useful in: 
5 unconscious patient. 
® uncooperative and unreliab 
vs patients with vomiti i 
m Suitable for: 






"s irritant drugs 

* drugs with t- metabolism. 
" drugsn d orally. 

“o d destroyed by digestive juices. 







s Requüire aseptic conditions. 

m Preparation should be sterile, and is expensive. 
s Require invasive techniques, which are painful. 
= Cannot be usually self-administered. 

BE 


Can cause local tissue injury to nerves, vessels, etc. 


Inhalation 
Volatile liquids and gases are given by inhalation for systemic effects, e.g. general 


anaesthetics. 


Advantages 


m Quick onset of action. 
s Dose required is very less, so systemic toxicity is minimized. 


= Amount of drug administered can be regulated. 


Disadvantages 
= Local irritation may cause increased respiratory secretion and bronchospasm. 





Injections (Fig. 1.1) 


Intradermal route: The drug is injected into the layers of the skin, e.g. BCG vac- 


cination and drug sensitivity tests. It is painful and a small amount of the drug can 
be administered, 


Subcutaneous (s.c.) route: The drug is injected into the subcutaneous tissues of 
the thigh, abdomen, arm, eg. adrenaline, insulin, etc. 


Advantages 


= Self-administration of drug is possible, eg. insulin. 


= Depot preparations can be inserted into the subcutaneous tissue, e.g. norplant 
for contraception. 


Disadvantages 


m [tis suitable only for non-irritant drugs. 
= Drug absorption is slow, hence not suitable for emerge 


Intramuscular (i.m.) route: Drugs are injected into | 


argeum , such as deltoid, 
gluteus maximus and vastus lateralis, e.g. paracetamol dil fenac, etc. A volume 
of 5-10 mL can be given at a time. 


Advantages 


= Absorption is more rapid as compa red" o ofal route. 
= Mild irritants, depot injections, soluble ps and suspensions can be 
given by this route. 


Disadvantages 













= Aseptic conditions are 


8 Intramuscular (i.m. (oie ons*are painful and may cause abscess. 
j : a Ef 
E 


Self-admi ot possible. 
njury«fo nerves. 
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FIGURE 1.1. Injectable routes of drug administration. 
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Intravenous (i.v. route: Drugs are injected directly into the blood Stream 
through a vein. Drugs are administered as: 


1. Bolus: Single, relatively large dose of a drug injected rapidly or slowly into 
a vein, e.g. i.v. ranitidine in bleeding peptic ulcer. pani 

2. Slow intravenous injection: For example, i.v. morphine in myocardial 

infarction. . -— 

Intravenous infusion: For example, dopamine infusion in cardiogenic 

shock; mannitol infusion in cerebral oedema; fluids infused intravenously 


in dehydration. 


Us 


Advantages 


® Bioavailability is 100%. 

= Quick onset of action, so it is the route of choices 
nous diazepam to control convulsions in sta 

= Large volume of fluid can be administe 


patients with severe dehydration. C i 

z Highly irritant drugs, e.g. anticanc n be given because they get 
diluted in blood. 

= Hypertonic solution can be infused by intravenous route, e.g. 2096 mannitol 


in cerebral oedema. 
=a By iv. infusion, a nip abe vel of the drug can be maintained, eg. 
T, 


emergency, e.g. intrave- 







¢ intravenous fluids in 


dopamine infusion i hock. 


Disadvantages 













= Local irritatio ausé phlebitis. 

= Self-admifistr. is usually not possible. 

z ptic.cónditions are needed. 

n ion of some drugs can cause injury, necrosis and sloughing of 


Precautions 


=a Drug should usually be injected slowly. 
a Before injecting, make sure that the tip of the needle is in the vein. 


Intrathecal route: Drug is injected into the subarachnoid space, e.g. lignocaine 
(spinal anaesthesia), antibiotics (amphotericin B), etc. 


Transdermal Route (Transdermal Therapeutic System) 


The drug is administered in the form of a patch or ointment that delivers the drug 
into the circulation for systemic effect (Fig. 1.2), e.g. scopolamine patch for sialor- 
rhoea and motion sickness, nitroglycerin patch/ointment for prophylaxis of an- 
gina, oestrogen patch for hormone replacement therapy (HRT), clonidine patch 
for hypertension, fentanyl patch for chronic pain, nicotine patch for tobacco 
de-addiction, etc. 


Backing layer 


Drug reservoir 


Rate controlling 
membrane 





> Adhesive layer 


Outer layer, which is 
peeled off before 
application to skin 


FIGURE 1.2 Transdermal drug delivery system. 


Advantages 


Self-administration is possible. 
Patient compliance is better. 


Duration of action is prolonged. 

Systemic side effects are reduced. 

Provides a constant plasma concentration Cy : 
S 


First-pass metabolism is bypassed. 


Disadvantages 


= Expensive. | 
= Local irritation may cause derma nditching. 


m Patch may fall off unnmotice 


Special Drug Deliver S 
They have been d re pin duration of drug action, for targeted delivery 


t compliance. 












beneath the lower eyelid in glaucoma. It releases the drug 
slowly fo eek following a single application, e.g. pilocarpine. 

2. Progestasert: It is an intrauterine contraceptive device that releases proges- 
terone slowly for a period of one year. 

3. Liposomes: They are minute vesicles made of phospholipids into which 
the drug is incorporated. They help in targeted delivery of drugs, e.g. lipo- 
somal formulation of amphotericin B for fungal infections. 

4. Monoclonal antibodies: They are immunoglobulins, produced by cell cul- 
ture, selected to react with a specific antigen. They are useful for targeted deliv- 
ery of drugs, e.g. delivery of anti-cancer drugs using monoclonal antibodies. 

5. Drug-eluting stents: e.g. paclitaxel releasing stents used in coronary angioplasty. | 

6. Computerised, miniature pumps, e.g. insulin. 


PHARMACOKINETICS 


Pharmacokinetics is derived from two words: Pharmacon meaning drug and kine- 
sis meaning movement. In short, it is ‘what the body does to the drug. It includes 
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absorption (A), distribution (D), metabolism (M) and excretion (E). All these 
processes involve movement of the drug molecule through various biological 
membranes. 

All biological membranes are made up of a lipid bilayer. Drugs cross various 
biological membranes by the following mechanisms: 


1. Passive diffusion: It is a bidirectional process. The drug molecules 
move from a region of higher to lower concentration until equilibrium 
is attained. The rate of diffusion is directly proportional to the concen. 
tration gradient across the membrane. Lipid-soluble drugs are trans- 
ported across the membrane by passive diffusion. It does not require 
energy. 

2. Filtration: Filtration depends on the molecular size and weight of the drug. 
If the drug molecules are smaller than the por they are filtered easily 
through the membrane. 

3. Specialized transport: 

(a) Active transport: The drug E cde om a region of lower to 
higher concentration against thescOn atration gradient. It requires 
energy, e.g. transport of simpsons amines into neural tissue, 
transport of choline into cholin neurons and absorption of levo- 

dopa from the intestine. e 

Facilitated diffusion: Tha of carrier-mediated transport and does 

not require ener ttaches to a carrier in the membrane, 

which facilitat sion across the membrane. The transport of 
molecules ‘is, fi region of higher to lower concentration, eg. 
transport cross muscle cell membrane by a transporter 
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Factors Influencing Drug Absorption 


1. Physicochemical properties of the drug: 

(a) Physical state: Liquid form of the drug is better absorbed than solid 

formulations. ; 

(b) Lipid-soluble and unionized form of the drug is better absorbed than the 

water-soluble and ionised form. 

(c) Particle size: Drugs with smaller particle size are absorbed better than 
larger ones, e.g. microfine aspirin, digoxin and griseofulvin are well 
absorbed from the gut and produce better effects. Some of the an- 
thelmintics have larger particle size. They are poorly absorbed through 
gastrointestinal (GI) tract, hence they produce better effect on gut 
helminths. 

Disintegration time: It is the time taken for the formulation (tablet oT 


capsule) to break up into small particles and its variation may affect the 
bioavailability. 


(d 
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(e) Dissolution time: It is the time taken for the particles to go into solution. 
Shorter the time, better is the absorption. 

(f) Formulations: Pharmacologically inert substances like lactose, starch, 
calcium sulphate, gum, etc. are added to formulations as binding 
agents. These are not totally inert and may affect the absorption of 
drugs, e.g. calcium reduces the absorption of tetracyclines. 

2, Route of drug administration: A drug administered by intravenous route 
bypasses the process of absorption as it directly enters the circulation. Some 
drugs are highly polar compounds, ionise in solution and are not absorbed 
through GI tract, hence are given parenterally, e.g. gentamicin. Drugs like 
insulin are administered parenterally because they are degraded in the GI 
tract on oral administration. 

3. pH and ionization: Strongly acidic (heparin) and stro 
glycosides) drugs usually remain ionized at all pH, 
absorbed (Fig. 1.3). 

4. Food: Presence of food in the stomach can affect Hea tion of some of 
the drugs. Food decreases the absorption karl icin levodopa, etc., 

hence they should be taken on an empty stémach for better effect. Milk and 
milk products decrease the absorption of te lines. Fatty meal increases 
the absorption of griseofulvin. o 

. Presence of other drugs: Concurre inistration of two or more drugs 


basic (amino- 
are poorly 











ui 


may affect their absorption, e.g. aco id increases the absorption of 
oral iron. Antacids reduce thé a ion of tetracyclines. 

6. Area of the absorbing su : Normally, drugs are better absorbed in the 
small intestine beca fa r surface area. Resection of the gut de- 
creases absorption o due'to a reduced surface area. 






d,other diseases: In gastroenteritis, there is increased 


peristaltic that decreases drug absorption. In achlorhydria, 
absorption from the gut is reduced. In congestive cardiac failure, 
there i intestinal (GI) mucosal oedema that reduces absorption 
of drugs. 

Weakly acidic drugs 

(barbiturates) 


| 


Unionised form 


| 


Better absorbed 
from the stomach 


Weakly basic drugs 
(morphine, amphetamine) 


| 


Unionised form 


| 


Better absorbed from 
the intestine 






FIGURE 1.3 Effect of pH and ionisation on drug absorption. 
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Bioavailability . 'on from a given d 
It is the fraction of a drug that reaches systemic Suo Mn d s 5 din 
Intravenous route of drug administration gives 100) Powe” i Z drugs gi y 
enters the circulation. The term bioavailability is nsed common y t0 Ggwe 
by oral route. 

If two formulations of the same drug produce equa 
said to be bioequivalent. If formulations differ in thei 


said to be bioinequivalent. 


al bioavailability, they are 
r bioavailability, they are 


Factors Affecting Bioavailability , : 
The factors which affect drug absorption (physicochemica] preperies of e 
drug, route of drug administration, pH and ionization, ood, presence o 
other drugs, area of absorbing surface, gastrointesti 
also affect bioavailability of a drug. Other factors t 
of a drug are discussed as follows: 


and other diseases) 
the bioavailability 







1. First-pass metabolism (First-pass efi esystemic elimination): 
When drugs are administered orally, they-Have to pass vla gut wall = 
portal vein — liver — systemic cir jon. During this passage, certain 
drugs get metabolized and emoyed or inactivated before they reach 
the systemic circulation. Th ocess is known as first-pass metabolism 


(Fig. 1.4). The net ae sed bioavailability of the drug and 
cT 






diminished therapeut s&e.g. drugs like lignocaine (liver), iso- 


allj, elc. 


prenaline (gu 
s metabolism: 


ther systemic routes, e.g. nitroglycerin. 


Systemic circulation 





FIGURE 1.4 First-pass metabolism. 





2. Hepatic diseases: They result in a decrease in drug metabolism, thus increasing 
the bioavailability of drugs that undergo first-pass metabolism, eg. proprano- 
lol and lignocaine, 


3. Enterohepatic cycling: It increases the bioavailability of drugs, e.g. mor- 
phine and doxycycline. 


Drug Distribution 


Distribution is defined as the reversible transfer of drugs between body-fluid 
compartments. After absorption, a drug enters the systemic circulation and is 


distributed in the body fluids. Various body-fluid compartments for a 70-kg 
person can be depicted as: 


TBW (42 L) 


ECF (14 L) ( ICF (28 L) 







Plasma Interstitial flui ellular fluid 
(3 L) compartm partment 
0.5 (0.5 L) 
TBW, total body wate ellular fluid; ICE, intracellular fluid. 





body fluid into which a drug is uniformly distributed at a concentration equal to 
that in plasma, assüming the body to be a single compartment. 


y = Total amount of drug in the body 
?^'4 ^ Concentration of the drug in plasma 


= Drugs with high molecular weight (e.g. heparin) or extensively bound to 
plasma protein (e.g. warfarin) are largely restricted to the vascular compart- 
ment, hence their aV, is low. 

= []faV,ofa drug is about 14-16 L, it indicates that the drug is distributed in 
the ECE e.g. gentamicin, streptomycin, etc. 

= Small water-soluble molecules like ethanol are distributed in total body 
water — aVq is approximately 42 L. 

" Drugs which accumulate in tissues have a volume of distribution which 
exceeds total body water, e.g. chloroquine (13,000 L) and digoxin (500 L). 





Haemodialysis is not useful for removal of drugs with large aVa in case of 
overdosage. 

= In congestive cardiac failure, Va of some drugs can increase due to an in- 
crease in ECF volume (e.g. alcohol) or decrease because of reduced perfu- 
sion of tissues. 

8 [n uremia, the total body water can increase which increases Va of small 
water-soluble drugs. Toxins which accumulate can displace drugs from plasma 
protein binding sites resulting in increased concentration of free form of drug 
which can leave the vascular compartment leading to an increase in Va, 

a Fat:lean body mass ratio—highly lipid-soluble drugs get distributed to the 
adipose tissue. If the ratio is high, the volume of distribution for such a 
drug will be higher; fat acts as a reservoir for such drugs. 


Redistribution 


Highly lipid-soluble drug, such as thiopentone intravenous administra- 
tion, immediately gets distributed to the iW igh blood flow, such as 
brain, and causes general anaesthesia. I diately within few minutes, it dif- 
fuses across the blood-brain barrier isla into the blood and then to the 
less perfused tissues, such as muscle;and adipose tissue. This is called redistri- 
bution, which results in termination) of @rug action. Thiopentone has a very 
short duration of action y | fjand is used for induction of general 


anaesthesia. 


Drug Reservoirs or Ti. ge 

Some drugs are co ate accumulated in tissues or some organs of the 
body, which ca oxicity on chronic use, e.g. tetracyclines—bones and 
teeth; thi e dnd DDT—adipose tissue; chloroquine—liver and retina; 





The capil boundary that is present between the blood and brain is called 
blood-brain barrier (BBB). In the brain capillaries, the endothelial cells are joined 
by tight junctions. Only the lipid soluble and unionised form of drugs can pass 
through BBB and reach the brain, e.g. barbiturates, diazepam, volatile anaesthet- 
ics, amphetamine, etc. Lipid-insoluble and ionised particles do not cross the BBB, 
e.g. dopamine and aminoglycosides. 

Pathological states like meningitis and encephalitis increase the permeability of 
the BBB and allow the normally impermeable substances to enter the brain, e.g. 
penicillin G in normal conditions has poor penetration through BBB, but its pen- 
etrability increases during meningitis and encephalitis. 


Placental Barrier 


Certain drugs administered to the pregnant woman can cross placenta and affect 
the fetus/newborn, e.g. anaesthetics, morphine, corticosteroids, etc. Quaternary 
ammonium compounds, e.g. d-tubocurarine (d-TC) and substances with high 
molecular weight like insulin cannot cross the placental barrier. 


Plasma Protein Binding 
Many drugs bind to plasma proteins like albumin, o; acid glycoprotein, etc. 


Clinical importance of plasma protein binding 


Absorption 
1, Drug ————— — — — —»- Enters circulation 


Binds to plasma protein (Acidic drugs to 
albumin, basic drugs to ot acid glycoprotein) 








Free form (Pharma- Z—— Bound form (Pharmaco 
cologically active) acts as a ‘temporary/stote 


2. Plasma protein binding favours drug es 


3. Drugs that are highly bound to plasma © ave a low volume of 
o 


distribution. 
4. Plasma protein binding delays the metab of drugs. 
5. Bound form is not available for fil ration atthe glomeruli, hence excretion 


of highly plasma protein boun HPs j 
6. Highly protein bound drugs hav 










ger duration of action, e.g. sulphad- 
iazine is less plasma proteimbound and has a duration of action of 6 hours, 
whereas sulphadoxinie.i lasma protein bound and has a duration 


of action of one wee 






plasma protein bound drugs are difficult to be 
ysis. 


7. In case of poisoni 
removed bythhaemedi 
8. In disease s liké anaemia, renal failure, chronic liver diseases, etc. 


els are low. So, there will be an increase in the free form 
ich can lead to drug toxicity. 

in binding can cause displacement interactions. More than 
one drug can bind to the same site on plasma protein. The drug with 
higher affinity will displace the one having lower affinity and may result 
in a sudden increase in the free concentration of the drug with lower 
affinity. 








Biotransformation (Drug Metabolism) 


Chemical alteration of the drug in a living organism is called biotransforma- 
tion. The metabolism of a drug usually converts lipid-soluble and unionised 
compounds into water-soluble and ionised compounds. They are not 
reabsorbed in the renal tubules and are excreted. If the parent drug is 
highly polar (ionised), then it may not get metabolised and is excreted 
as such. 

Sites: Liver is the main site for drug metabolism; other sites are GI tract, kidney, 
lungs, blood, skin and placenta. 


ctivation, but sometimes a compound 


ism is ina 
The end result of drug metabolism 1 ad as shown below: 


with pharmacological activity may be form 


. i e of me i 
1. Active drug to inactive metabolite: This is the most common type © tabolic 


transformation. . 
Phenobarbitone ——* Hydroxyphenobarbitone 
Phenytoin —> p-Hydroxyphenytoin 

2. Active drug to active metabolite 
Codeine ——» Morphine 
Diazepam ——» Oxazepam 

3. Inactive drug (prodrug) to active metabolite 
Levodopa —> Dopamine 
Prednisone —> Prednisolone 


Prodrug 


It is an inactive form of a drug, which is converted t 
lism. 


Uses of Prodrugs (Advantages) 
1. To improve bioavailability: A is due to deficiency of dopa- 


mine. Dopamine itself cann used since it does not cross the blood- 
brain barrier (BBB). So it is imthe form of a prodrug, levodopa. Le- 
vodopa crosses the BBB i nverted into dopamine. 


ive form after metabo- 








Dopa decarboxylase . 
—— > Dopamine 


duration of action: Phenothiazines have a short duration 
ereas esters of phenothiazine (fluphenazine) have a longer 


tate Suspension has been developed for paediatric use to improve the taste. 
4. To provide site-specific drug delivery: 


. acidic pH of urine . 
Methenamine ——-———— Formaldehyde (acts as urinary antiseptic) 


Pathways of Drug Metabolism. Drug metabolic reactions are grouped into two 
phases. They are Phase I or non-synthetic reactions and Phase II or synthetic reactions. 


Phase I Reactions (Table 1.1) 


Oxidation: Addition of oxygen or removal of hydrogen is called oxidation. It is 
the most important and common metabolic reaction. 


= Oxidation reactions are mainly carried out by cytochrome P450 

a There are several cytochrome P450 isoenzymes 

m They are numbered as 1,2,3,4... (to denote families) and each as A,B,C,D 
(sub-families) 

= More than 50% of drugs undergo biotransformation reactions by CYP3A4/5 








suele. t. 


D 


Oxidation 


Phenytoin, phenobarbitone, o 


Addition of oxygen/ 





removal of hydrogen pentobarbitone, propranolol 
Reduction Removal of oxygen/ Chloramphenicol, methadone 
addition of hydrogen 
n N D DEM MMC E MEI CD COMMA 
Hydrolysis Break down of com- Esters—procaine, succinylcholine 
pound by addition of Amides—lignocaine, procainamide 
water 
Cyclization Conversion of straight Proguanil 


chain compound into 
ring structure 










Breaking up of the ring Phenobarbito oin 


structure of the drug 


Decyclization 





Reduction: Removal of oxygen or addition of ee known as reduction. 
Hydrolysis: Breakdown of the compound by addition of water is called hydro- 
ides 

pound into ring structure. 

of the drug. 

be active or inactive. 


lysis. This is common among esters an 
Cyclization: Conversion of a straight 
Decyclization: Breaking up of the fi 
At the end of phase I, the metabólit 








Phase II Reactions (Table 
Phase II consists of conj Qon factions. If the phase I metabolite is polar, it is 
excreted in urine,or bi ever, many metabolites are lipophilic and undergo 

i ith an endogenous substrate, such as glucuronic acid, 
or amino acid. These conjugates are polar, usually water 






soluble and 1 
Not all drugs'undergo phase I and phase II reactions in that order. In case of 


isoniazid (INH), phase II reaction precedes phase I reaction (Fig. 1.5). 


Table 1.2 Phase II reactions 





Conjugation reaction Enzyme Examples 
Glucuronidation UDP glucuronosyl e Aspirin 
transferase e Morphine 
Acetylation N-acetyltransferase e Isoniazid 
e Dapsone 
Sulphation Sulphotransferase e Paracetamol 
e Methyldopa 
Methylation Transmethylase e Adrenaline 
e Dopamine 
Glutathione conjugation Glutathione transferase e Paracetamol 


Glycine conjugation Acyl CoA glycine transferase e Salicylates 





[s] [me] [mw] [m5| lei 


Phase I Phase | 





Unchanged 
Phase Il form 
Phase Il Phase Il Phase 
[ B«reted. | 
FIGURE 1.5 Phases of biotrans jon. 


Drug-Metabolizing Enzymes 


They are broadly divided into tw 
enzyme systems (Table 1.3). 
Hofmann elimination: Dru 
this is known as Hofma i 
undergoes Hofman 


ups—microsomal and non-microsomal 










Factors Affecting D 


1. Agex(Neonates) and elderly metabolize some drugs to a lesser extent than 
adults In cases, it is due to diminished amount/activity of hepatic 





Table 1.3 Microsomal and non-microsomal enzymes 
Microsomal enzymes Non-microsomal enzymes 
Location 
Smooth endoplasmic reticulum of Cytoplasm, mitochondria, plasma, e.g. 


cells, liver, kidney, lungs, e.g., cy- conjugases, esterases, amidases, 
tochrome P450, monooxygenase, flavoprotein oxidases 
glucuronyl transferase 





Reactions 
Most of the phase | reactions, Oxidation, reduction (few), hydrolysis. 
Glucuronide conjugation All conjugations except glucuronide 
conjugation 


Inducible Not inducible - may show genetic 


polymorphism 


microsomal enzymes. Neonates conjugate chloramphenicol more slowly, 
hence develop toxicity—gray baby syndrome. Increased incidence of toxic- 
ity with propranolol and lignocaine in elderly is due to their decreased 
hepatic metabolism. 

2. Diet: Poor nutrition can decrease enzyme function. 

3. Diseases: Chronic diseases of liver may affect hepatic metabolism of some 
drugs, e.g. increased duration of action of diazepam, in patients with cir- 
rhosis, due to its impaired metabolism. 

4. Genetic factors (pharmacogenetics): These factors also influence drug 
metabolism. The study of genetically determined variation in drug response 
is called pharmacogenetics, e.g.: 

(a) Slow and fast acetylators of isoniazid: There is an increased incidence 
of peripheral neuritis with isoniazid in slow ac tors. The fast 







acetylators require a larger dose of the drug to therapeutic 
effect. 
(b) Succinylcholine apnoea: Succinylcholine, anetixomuscular blocker, is 


action of succinylcholine is 3-6 minutes. However, some individuals 
have atypical pseudocholinesterase th etabolizes the drug very 
slowly. This results in prolonge oe@due to paralysis of respiratory 
muscles, which is dangerous, T. wn as succinylcholine apnoea. 
Glucose-6-phosphate deh GGPD) deficiency and haemo- 
lytic anaemia: G6PD itysis important to maintain the integrity of 
the RBCs. A pe D deficiency may develop haemolysis 
when exposed t in s like sulphonamides, primaquine, sali- 
cylates, dapso 

5. Simultaneoáüs administration of drugs: This can result in increased or 

decreased of drugs (see enzyme induction or inhibition). 


metabolized by plasma 163-6 mini me. The duration of 


e» 
— 







Repeated administfation of certain drugs increases the synthesis of microsomal 
enzymes. This is known as enzyme induction. The drug is referred to as an enzyme 
inducer, e.g. rifampicin, phenytoin, barbiturates, carbamazepine, griseofulvin, etc. 


Clinical Importance of Microsomal Enzyme Induction 


1. Enzyme induction may accelerate the metabolism of drugs, thus reducing 
the duration and intensity of drug action leading to therapeutic failure, e.g. 
rifampicin and oral contraceptives. Rifampicin induces the drug metaboliz- 
ing enzyme of oral contraceptives, thus enhancing its metabolism and lead- 
ing to contraceptive failure. 

2. Autoinduction may lead to development of drug tolerance, e.g. carbamaze- 
pine enhances its own metabolism. 

3. Enzyme induction can lead to drug toxicity, e.g. increased incidence of 
hepatotoxicity with paracetamol in alcoholics is due to overproduction of 
toxic metabolite of paracetamol. 

4. Prolonged phenytoin therapy may produce osteomalacia due to enhanced 
metabolism of vitamin D3. 





: ction of por- 
5. Enzyme inducers can precipitate porphyria due to overprodu p 
phobilinogen. i 
6. Enzyme induction can also be beneficial, e.g. phenobarbitone in d » 
jaundice—phenobarbitone induces glucuronyl transferase enzyme, 
bilirubin is conjugated and jaundice is resolved. 


Enzyme Inhibition 


Certain drugs, e.g. chloramphenicol, ciprofloxacin, erythromycin, etc. ne "e 
activity of drug metabolizing enzymes and are known as enzyme inhibitors. z i- 
bition of metabolism of one drug by another can occur when both are metabo- 


lized by the same enzyme. Enzyme inhibition is a rapid process as compared to 
enzyme induction. 








Clinical Relevance of Enzyme Inhibition. Enzyme inhi 

toxicity, e.g. increased incidence of bleeding with warfa 

administration of erythromycin or chloramphenico 

metabolizing enzyme of warfarin resulting in i lasma concentration of 

warfarin and enhanced anticoagulant effect ag). Toxicity following inhibi- 
S 


tion of metabolism is significant for those d hich have saturation kinetics of 
metabolism. 


can result in drug 
e to concomitant 


Drug Excretion 


Removal of the drug and it he from the body is known as drug excretion. 


The main channel of rugs is the kidney; others include lungs, bile, 
faeces, sweat, saliva, t¢ 







sses involved in the excretion of drugs via kidney are 

ion, passive tubular reabsorption and active tubular secre- 

tular filtration and active tubular secretion facilitate drug excre- 
ereas tubular reabsorption decreases drug excretion. 

Rate of renal excretion = (Rate of filtration + Rate of secretion) — Rate of 

reabsorption 

(a) Glomerular filtration: Drugs with small molecular size are more readily 
filtered. The extent of filtration is directly proportional to the glomeru- 
lar filtration rate (GFR) and to the fraction of the unbound d 
plasma. 

(b) Passive tubular reabsorption: The main factor affecting passive reabsorp- 
tion is the pH of renal tubular fluid and the degree of ionisation. 
Strongly acidic and strongly basic drugs remain in ionised form at any 
pH of urine, hence are excreted in urine. 

(i) Weakly acidic drugs (e.g. salicylates, barbiturates) in acidic urine 
remain mainly in ‘unionised’ form, so they are reabsorbed into 
the circulation. If the pH of urine is made alkaline by sodium 
bicarbonate, the weakly acidic drugs get ‘ionised’ and are ex- 
creted easily. 

(ii) Similarly, weakly basic drugs (e.g. morphine, 
in alkaline urine remain in ‘unionised’ form, h 


rug in 


amphetamine, etc.) 
ence are reabsorbed. 


Ui 


for non-invasive mon (ON 
. Milk: Drugs sie g 
1 





If the pH of urine is made acidic by vitamin C (ascorbic acid), 
these weakly basic drugs get ‘ionised’ and are excreted easily. 

(c) Active tubular secretion: It is a carrier-mediated active transport which 
requires energy. Active secretion is unaffected by changes in the pH of 
urine and protein binding. Most of the acidic drugs (e.g. penicillin, 
diuretics, probenecid, sulphonamides, etc.) and basic drugs (e.g. qui- 
nine, procaine, morphine, etc.) are secreted by the renal tubules. The 
carrier system is relatively nonselective and therefore drugs having 
similar physicochemical properties compete for the same carrier sys- 
tem, e.g. probenecid competitively inhibits the tubular secretion of 
penicillins, thereby increasing the duration of action as well as the 
plasma half-life and effectiveness of penicillins in the treatment of 
diseases, such as gonococcal infections. 

Lungs: Alcohol and volatile general anaesthetics, su ether, halothane, 

isoflurane, sevoflurane and ether are excreted via lu 

Faeces: Drugs that are not completely absorbed from the GI tract are ex- 


creted in faeces, e.g. purgatives like senna, casgal . 
. Bile: Some drugs are excreted via bile but (fer scho the intestine they 


are reabsorbed — liver — bile and the cycl epeated—such recycling is 
called enterohepatic circulation an créases the bioavailability as well 


as the duration of action of the drug rphine and doxycycline. 
. Skin: Metals like arsenic and mer a creted through skin. 


. Saliva: Certain drugs like p 


itm iodide, phenytoin, metronidazole and 
ivary estimation of lithium may be used 

ium therapy. 

omen may appear in milk. It has acidic pH, 

e tetracycline, chloramphenicol, morphine, diazepam, 
orm and are excreted through milk; they may affect 


e 








lithium are excreted 





Pharmacokinetic Parameters 


The important pharmacokinetic parameters are bioavailability, volume of distri- 
bution, plasma half-life (t'/) and clearance. 


Plasma Half-Life (tV2) 


It is the time required for the plasma concentration of a drug to decrease by 5096 of 
its original value. Plasma half-life-of lignocaine is 1 hour and for aspirin it is 4 hours. 


Clinical Importance of Plasma Half-Life. It helps to: 


determine the duration of drug action. 

determine the frequency of drug administration. 

estimate the time required to reach the steady state. At steady state, the 
amount of drug administered is equal to the amount of drug eliminated in 
the dose interval. It takes approximately four to five half-lives to reach the 
steady state during repeated administration of the drug. A drug is almost 
completely eliminated in four to five half-lives after single administration. 


Clearance f plasma from which 
Clearance (CL) of a drug is defined as that volume of ptas Ich the drug 
Is removed in unit time. 


Rate of elimination 


Risener = Plasma concentration of the drug 


1. First-order kinetics: A constant fraction of the drug in the body is elim; 
nated per unit time. 

For example, assume a drug ‘A’ with a plasma th of 1 hour, following 

first-order kinetics of elimination and having an initial plasma concentra- 
tion of 100 mcg/mL. 


100 mcg/mL 9 50 mcg/mL mcg/mL 
l5 


The rate of drug elimination is difectly ortional to its plasma concen. 

tration. The t' of the drugs following fist-order kinetics will always remain 
constant. The drug will be aliost completely eliminated in four to five 
plasma half-lives if adminis constant rate at each half-life. Most of 
the drugs follow first-o in 

2. Zero-order kinetics: A t amount of a drug in the body is eliminated 
per unit time/The ate) elimination is independent of plasma drug concen- 
tration, e.g. etha ated from the body at the tate of about 10 mL/h. 
The t'^ of the d ving zero-order kinetics is never constant. 

, assume a drug 'B' with an initial plasma concentration of 

d eliminated at the rate of 10 mcg/h. Its elimination will be 







1 hour 1 hour 
200 mcg/mL — ——»- 190 mcg/mL — ——5 180 mcg/mL 
10 mcg 10 mcg 


Drugs like phenytoin and aspirin 


At low doses, follow first-order kinetics 
As the plasma concentration increases 


Elimination processes get saturated 


Kinetics changes over to zero order (saturation kinetics) 


Note: Phenytoin exhibits saturation kinetics and its plasma concentration has to be 


carefully monitored (therapeutic drug monitoring, TDM) when used in the treat 
ment of epilepsy. 


Plasma concentration 


Once the kinetics changes to zero order; an increase in dose will result in a 
marked increase in plasma concentration leading to drug toxicity. 


Steady State Concentration 


If constant dose of a drug is given at constant intervals at its t'/;, plasma concentra- 
tion of the drug increases due to its absorption and falls due to elimination in each 
dosing interval. Finally, the amount of drug eliminated will equal the amount of 
drug administered in the dosing interval. The drug is said to have reached steady 
state or plateau level [Fig. 1.6(b)]. It is attained after approximately 4-5 half-lives. 


Factors Influencing Drug Dosage 
Many factors have to be considered when a drug is given to a patient. The time 


taken to act depends mainly on the route of drug administrati or rapid effect, 
the drug is usually given intravenously. In general, the time tO reach a steady 
state is approximately four to five half-lives of the drug d eated adminis- 

tration at a constant rate. 
1. Loading dose: Initially, a large dose or seri of a drug is given with 
the aim of rapidly attaining the target level i ma. This is known as load- 








ing dose. A loading dose is administe 


if the time taken to reach steady state 
is relatively more as compared to i 


t's condition, e.g. the half-life of 
lignocaine is more than 1 hour/SOit t ore than 4-6 hours to reach the 
target concentration at stead ew a patient has life-threatening ven- 
tricular arrhythmias after ardial infarction, initially a large dose of ligno- 
caine has to be given t re fies red plasma concentration quickly. Once it 
giving the drug as an intravenous infusion. 
dose of a drug which is repeated at fixed intervals 
ous infusion to maintain target level in plasma or 








dose eliminated in a dosing interval. 
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FIGURE 1.6 (a) Plasma half-life of a drug after single intravenous injection. (b) Steady state: Achieved 
after approximately four to five half-lives during repeated administration at a constant rate. 
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Therapeutic Drug Monitoring 


Monitoring drug therapy by measuring plasma concentration of a drug is known 
as therapeutic drug monitoring (TDM). 


Indications of TDM 
1. Drugs with narrow therapeutic index, e.g. lithium, digoxin, phenytoin, amj. 
noglycosides, etc. _ an . 
2. Drugs showing wide interindividual variations, €. tricyclic antidepressants 


3. To ascertain patient compliance. 
4. For drugs whose toxicity is increased in the presence of renal failure, eg. 


aminoglycosides. 
5. In patients who do not respond to therapy without any known reason. 


is done. 







In drug poisoning, estimation of plasma drug concent 
TDM is not required in the following situations: 
1. When clinical and biochemical pana 2 available to assess response: 
(a) Blood pressure measurement forantihypertensives. 
(b) Blood sugar estimation for antidiabetic agents. 


(c) Prothrombin time, aPTT and Inte ional Normalized Ratio (INR) for 
anticoagulants. - 
e. ids 


2. Drugs, producing tolera 


3. Drugs whose effect pe an the drug itself, e.g. omeprazole. 







Fixed Dose Combinati 


It is the combinatio 
formulation 


ixed Dose Ratio Combination) 
more drugs in a fixed dose ratio in a single 







carbidopa for parkinsonism. 


u rifampicin + pyrazinamide for tuberculosis. 

m Fe sulphate + folic acid for anaemia of pregnancy. 

= Sulphamethoxazole + trimethoprim in cotrimoxazole (antimicrobial agent). 
B Amoxicillin + clavulanic acid in Augmentin (antimicrobial agent). 

E 


Oestrogen + progesterone as oral contraceptive. 


Advantages and disadvantages of FDC are explained in Table 1.4 p. 25. 


Methods to Prolong The Duration of Drug Action 
Prolongation of action of a drug helps: 
m to reduce the frequency of drug administration 


m to improve patient compliance. 
m to minimize fluctuations in plasma concentration. 


Various methods to prolong the duration of drug action are: 
(a) By retarding drug absorption: 
1. For orally administered drugs: 


." By using sustained release preparations: These preparations consist of 
drug particles, which have different coatings that dissolve at different 
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Advantages Disadvantages 


1. Increased patient compliance 1. Inflexible fixed dose ratio 

2. Prevents development of 2. Incompatible pharmacokinetics can 
microbial resistance in interfere with action of the drug 
diseases like TB, AIDS, etc. 3. Increased toxicity due to inappropriate 
as missing of single drug is combinations. If adverse effect occurs, 
prevented difficult to identify the component of 

3. Increased efficacy FDC causing it 

4. Reduced side effects 4. The preparation cannot be used if there 

5. Reduced cost is a contraindication for use of one 

6. Synergistic effect component 





` 


5. Physician and pharm 
the contents 





intervals of time. It prolongs the duration of action of the drug, 


reduces the frequency of administrat nd improves patient com- 
pliance, e.g. tab. diclofenac a düration of action of 12 hours, 


whereas diclofenac sustaine preparation has a duration of 
action of 24 hours. Nw 
s 







he absorbing surface: This is achieved by 
drug, e.g. adrenaline with local anaes- 
thetics. When adren e is added to a local anaesthetic, the vasocon- 
striction ot by adrenaline will delay the removal of the local 
anaesthe o e site of administration and prolongs the duration 
also reduces the systemic toxicity of the local anaes- 
inimizes bleeding in the operative field. 
ing the solubility of the drug: by combining it with a water-insol- 
uble compound, e.g. combining procaine/benzathine with penicillin G 
= Injection penicillin G has a duration of action of 4-6 hours. 
* Injection procaine penicillin G: It has a duration of action of 
12-24 hours. 
5 Injection benzathine penicillin G: It has a duration of action of 
3-4 weeks. 
= By combining the drug with a protein, e.g. protamine zinc insulin—the 
complexed insulin is released slowly from the site of administration, 
thus prolonging its action. 
= By esterification: Esters of testosterone, e.g. testosterone propionate and 
testosterone enanthate are slowly absorbed following intramuscular 
administration resulting in prolonged action. 
= Injecting the drug in oily solution, e.g. depot progestins (depot medroxy- 
progesterone acetate). 
Pellet implantation: e.g. norplant for contraception. 
Transdermal patch (see p. 8) 


zu By decreasing the ve 
adding a vasocons 
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(b) By increasing the plasma protein binding of the drug, e.g. sulphadiazine 
is less bound to plasma proteins and has duration of action of 
6 hours. Sulphadoxine is highly protein bound and so has duration of 
action of 1 week. 

(c) By inhibiting drug metabolism: For example, allopurinol + 6. 
mercaptopurine (6-MP). 6-MP is matabolized by xanthine oxidase. Allo. 
purinol —> xanthine oxidase inhibitor > inhibits metabolism of 6-mp _, 
prolongs action of 6-MP. — 

(d) By delaying renal excretion of the drug, e.g. penicillin/cephalosporing 
with probenecid. 


PHARMACODYNAMICS _ 


Pharmacodynamics (Gr. Pharmacon: drug; dynamis: 
relating to ‘what the drug does to the body’. It is theystu 


nism of action, pharmacological actions and eS 







It covers all aspects 
drugs—their mecha- 


Types of Drug Action 


1. Stimulation: Some drugs act.E 
system, e.g. adrenaline stimu ate: 







easing the activity of specific organ/ 
e heart resulting in an increase in heart 


rate and force of contra 
2. Depression: Some dru y decreasing the activity of specific organ/ 
system e.g. alce Diturates, general anaesthetics, etc. depress the cen- 









sues. When an agent on application to the skin relieves 
ain, it is known as counterirritant, e.g. eucalyptus oil, methyl 
. They are useful in sprains, joint pain and myalgia. They exert 


ocking impulse conduction in the spinal cord. 
4. Replacement: When there is a deficiency of endogenous substances, they 


can be replaced by drugs, e.g. insulin in diabetes mellitus, thyroxine in cre- 
tinism and myxedema, etc. 


5. Cytotoxic: Drugs are selectively toxic for the infecting organism/cancer 
cells, e.g. antibiotics/anticancer drugs. 


Mechanism of Drug Action 


Mechanism of action of drugs 


Non-receptor mediated Receptor mediated 


Non-Receptor-Mediated Mechanism of Action of Drugs 
1. By physical action: 
(a) Osmosis: Some drugs act by exerting an osmotic effect, e.g. 20% man- 
. hitol in cerebral oedema and acute congestive glaucoma. 
(b) Adsorption: Activated charcoal adsorbs toxins, hence it is used in the 
treatment of drug poisoning. 
(c) Demulcent: Cough syrup produces a soothing effect in pharyngitis by 
coating the inflamed mucosa. 
(d) Radioactivity: Radioactive isotopes emit rays and destroy the tissues, e.g. 
31] in hyperthyroidism. 
2. By chemical action: 
(a) Antacids are weak bases - they neutralise gastric acid - useful in peptic 


ulcer. 

(b) Metals like iron, copper, mercury, etc. are elimifiated ffom the body 
with the help of chelating agents. These agents tap Metals and form 
water-soluble complexes, which are rapid] ed from the body, e.g. 


soning and d-penicillamine in copper poisdning. 
3. Through enzymes: Some drugs act by, inhi g the enzyme activity. 
(a) Drug action via enzyme inhibitio e 


(i) Angiotensin-convertin 
enalapril, etc. act by ito 
of hypertension, e 


dimercaprol (BAL) in arsenic oper puis eprioxamine in iron poi- 






E) inhibitors, such as captopril, 
. They are used in the treatment 








Hypoxanthine — —— —» Uric acid 


Xanthine oxidase 


Allopurinol 


4. Through ion channels: Some drugs directly bind to ion channels and alter 
the flow of ions, e.g. local anaesthetics block sodium channels in neuronal 
membrane to produce local anaesthesia. 

5. Through antibody production: Vaccines produce their effect by stimulat- 
ing the formation of antibodies, e.g. vaccine against tuberculosis (BCG), 
oral polio vaccine, etc. 

6. Transporters: Some drugs produce their effect by binding to transporters. 
Selective serotonin reuptake inhibitors (SSRIs) — bind to 5-HT transporter —> 
block 5-HT reuptake into neurons — antidepressant effect. 





7. Others: Anticancer drugs like cyclophosphamide produce their effect by 
binding to nucleic acids; drugs like colchicine bind to tubulin and prevent 


migration of neutrophils (hence useful in acute gout). 


Receptor-Mediated Mechanism 


Receptors are macromolecules, present either o 
in the nucleus with which the drug binds an 
changes. 


n the cell surface, cytoplasm or 
d interacts to produce cellular 


Drug (D) + Receptor (R) ===> Drug-receptor complex ——— Response 


For example, adrenergic receptors (« and B), choli receptors (muscarinic 


and nicotinic), opioid receptors, etc. 
Affinity: The ability of the drug to get bou 
affinity. 
Intrinsic activity: The ability of the d uce pharmacological action 
after combining with the receptor is known'as i trinsic activity of the drug. 
Agonist: A drug that is capable of p ucing pharmacological action after bind- 
ing to the receptor is called an agoni 


Agonist has high affinity + Mod activity (e.g. morphine and adrena- 


receptor is known as 













line). 
Antagonist: A drug 
effect is called an antag 


revents binding of agonist to its receptor or blocks its 
does not by itself produce any effect. 
affinity without intrinsic activity (e.g. nalox- 


Competitive antago E 
one and atropine). rodtices receptor blockade. 
Partial ag : g that binds to the receptor but produces an effect 


agonist is called partial agonist. It inhibits the effect of 










agonist. 

Partial ag 
phine). 

Inverse agonist: It has full affinity towards the receptor but produces effect 
opposite to that of an agonist, e.g. benzodiazepines produce antianxiety and 
anticonvulsant effects by interacting with benzodiazepine (BZD) receptors, 
but B-carbolines act as inverse agonist at BZD receptor and produce anxiety and 
convulsions. 

Inverse agonist has affinity + intrinsic activity between 0 and —1 (e& 
B-carbolines). 


ist has affinity + less intrinsic activity (e.g. pindolol and buprenor- 


Receptor Families. (Table 1.5) 
1. Ligand-gated ion channels (inotropic receptors) 
2. G-protein-coupled receptors (metabotropic receptors) 
3. Enzymatic receptors 
4. Receptor-regulating gene expression (transcription factors) or the nucleat 
receptor. 





Stics of various receptorfamilies — 


G protein-coupled Enzymatic Nuclear 


ion channels receptors receptors receptors 
Location Membrane Membrane Membrane  Intracellular 
———————— —— .emean X Membrane Intracellular _ 
Effector lon channel Channel or Enzyme Gene tran- 
enzyme scription 
Coupling Direct G proteins Direct Via DNA 
(Gs, Gi, Gq, etc.) 
Examples Nicotinic, Muscarinic, Insulin, Steroid, 
GABA, adrenergic growth thyroid 
receptors receptors factor, hormone 










Time re- Milliseconds Seconds 
quired for 
response 








Ó 
Ligand-Gated lon Channels (Inotropic Recep 


acetylcholine receptors at neuromuscufa 
in the CNS. 


Binding of agonist to Ssitbé ion channels Flow of ions 
inotropic receptors Q) a*, K*, Ca?*, CI) * through channels 


Tissue Hyperpolarization/ 
response ~“ Depolarization 


. Examples are nicotinic (Ny) 
GABA and glutamate receptors 


The onset of action of a drug is fastest through this receptor. 


G-Protein Coupled Receptors (Metabo-tropic Receptors). They are coupled to 
intracellular effectors through G proteins. G proteins are membrane proteins and 
have three subunits (o, B, y) with GDP bound to o subunit. 


G-Protein-Coupled Receptors: Effector Pathways and Second Messengers 


G-protein-coupled receptors (GPCRs) are transmembrane receptors which control 
cell function via adenylyl cyclase, phospholipase C, ion channels, etc. 

The agonist that binds to the receptor is the first messenger. It results in the 
generation or recruitment of molecules (second messengers) that initiate the sig- 
naling mechanism in a cell. Examples of second messengers are CAMP (generated 


by adenylyl cyclase), cGMP (generated by guanylyl cyclase), Ca?*, IP3-DAG (gener- 
ated by phospholipase C), nitric oxide, etc. 





Binding of 


GDP bound to æ subunit 


Coupling of G protein 


to the receptors exchanges with GTP 


agonist to receptors 


Dissociation of G-protein 
subunits from occupied 
receptor; &-GTP also 
dissociates from By subunit 


&œ-GTP and By subunits 
are released 


et enzyme/ion 


Bind 
channel 


oe depends on the 


CF of G protein (Gs, Gi, Gq and 
CE which associates with agonist 
occupied receptor (see below) 


Stimulation of GTPase 
associated with a subunit 


GTP — | 


& subunit v with p unite 
G, > By 
le lo lero 
Adenylyl cyclase Phospholipase C Enzymes and ion channels, 
e.g. All GPCRs 


| | 


TcAMP OI, TIP, and TDAG 
e.g. D-a e.g. 0;-adrenergic e.g. muscarinic (Mj) 
receptor ceptors in smooth muscle receptors 


Transmembrane enzyme-linked receptors 


These could be 
2 transmembrane enzyme-linked receptors (e.g., receptor tyrosine kinases for 
insulin, epidermal growth factor, etc). Intracellular part of the receptor has 
enzymatic activity (intrinsic enzyme activity). (Transmembrane receptors, 
e.g. receptors for cytokines, growth hormone, etc. have no intrinsic enzy- 
matic activity in their intracellular part. On activation, they bind to cyto- 
solic kinases, e.g. Janus Kinase [JAK]). 


Binding of agonist to 
extracellular domain of 
receptors 


Stimulates intrinsic 
kinase activity 


Dimerization 
of the receptor 


Activates intracellular 
signaling pathways 


Gene 
transcription 


Tissue 
response 


ho 





Nuclear Receptors — Regulate Gene Expression 
Examples: receptors for thyroxine, vitamins A and D, sex steroids and glucocorticoids. 


Regulation of Receptors 


Receptors can be regulated by various mechanisms resulting in either their 
up-regulation or down-regulation (Table 1.6). 


Dose-Response Relationship 


The pharmacological effect of a drug depends on its concentration at the site of 
action, which in turn is determined by the dose of the drug administered. Such a 
relationship is called ‘dose-response relationship’, 


Mes of Dose-Response Curves c9 
. Graded dose-response: This curve when Kags on a graph takes the form 
of a rectangular hyperbola, wherea g dose-response curve is sigmoid 
shaped [Fig. 1.7(a) and (b)]. 
2. Quantal dose-response can ape harmacological effects which 
cannot be quantified ue id to be present or absent (all 
or none) are called jew e.g. a drug causing ovulation 


[Fig. 1.7(c)]. 







tion of receptors 


Receptor up-regulation 


Prolonged use of agonists Prolonged use of antagonists 

l l 
J) Receptor number and 77 Receptor number and sensitivity; 
sensitivity On sudden stoppage of antagonist 
||, Drug effect 17 Response to agonist 
For example, chronic use of For example, when propranolol is stopped 
salbutamol down-regulates the after prolonged use, some patients experi- 
Bo-adrenoceptors, which may ence withdrawal symptoms, such as 
be responsible for decreased nervousness, anxiety, palpitation, tachycar- 
effect of salbutamol in dia, rise in BP, increased incidence of 
asthmatics. angina or even myocardial infarction may 


be precipitated. This is due to up-regulation 
or supersensitivity of B-adrenoceptors to 
catecholamines. 

Therefore, propranolol should not be 
discontinued abruptly. 


i 


% Response 
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FIGURE 1.7 (a) Dose-response curve. (b) Log dose-response Curve. (c),Quantal dose-response curve, 


Therapeutic Index 
Therapeutic index (TI) is an index of drug ste, 










dA 


g, which is lethal for 5096 of the population. 


to the median effective dose (Fig. 1.8). 
(b) ED5o: It is the 


the popu 
Higher f therapeutic index, safer is the drug, e.g. penicillin has 
ic index; digitalis, lithium and phenytoin have narrow thera- 
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FIGURE 1.8 Dose-response curves of therapeutic effect (A) and adv i en 

EDs. and LDsp indicates safety margin. ) erse effect (B). Distance betwe 


` Drug Potency 


The amount of a drug required to produce a desired response is called the potency 
of the drug. The lower the dose required for a given response, the more potent is 
the drug, e.g. the analgesic dose of morphine is 10 mg and that of pethidine is 
100 mg. Therefore, morphine is ten times more potent than pethidine as an anal- 
gesic. Dose-response curve (DRC) of two drugs—drug A (morphine) and drug B 
(pethidine)—as analgesic are compared (Fig. 1.9). 


Drug Efficacy 


It is the maximum effect of a drug, e.g. morphine is more efficacious than aspirin 
as an analgesic (Fig. 1.10). 


Therapeutic Window 


It is the range of concentration of the drug which produces désire sponse with 
minimal toxicity. 


Combined Effect of Drugs ( | I 
1 


A combination of two or more drugs can result 
response. e 


- Increased Response 
1. Additive effect: The combi effect of two or more drugs is equal to the 


sum of their individü 


increase or a decrease in 









another d inactive is called potentiation. 

B > Effect of drug A + Effect of drug B 

For exa vodopa + carbidopa; acetylcholine + physostigmine. 

d physostigmine inhibit the breakdown of levodopa and ace- 
tylcholine, respectively, thus enhancing their effects. 


A B 


% Maximal effect 
% Maximal effect 


Log dose Log dose 
FIGURE 1.9 Relative potency of two drugs. FIGURE 1.10 Relative efficacy of two drugs. 





E HM I 


red simultaneously 


3. Synergism: When two or more drugs are administe 
her drug alone. 


their combined effect is greater than that elicited by eit 


For example, sulphamethoxazole + trimethoprim; pyrimethamine + sulpha- 


doxine. 


Decreased Response (Drug Antagonism) 


In antagonism, the effect of one drug is decreased or abolished in the presence of 


another drug. 
action of two drugs is due to their 


1. Physical antagonism: The opposing 
loids by activated charcoal - useful 


physical property, e.g. adsorption of alka 
in alkaloid poisoning. 

2. Chemical antagonism: The opposing action of t 
chemical property, e.g. antacids are weak bases; 
and are useful in peptic ulcer; chelating agent 
ful in heavy metal poisoning (dimercapr 


drugs is due to their 
tralise gastric acid 
metals and are use- 
ic poisoning). 







3. Physiological (functional) antagonism: two drugs act at different 
receptors or by different mechanisms on the same physiological system and 
produce opposite effects, e.g. insulin a ucagon on blood sugar; adrena- 


| sifiooth. muscle—histamine produces 
eceptors), whereas adrenaline pro- 


line and histamine on bror 
bronchoconstriction (via his 






duces bronchodilatatior tingAhrough adrenergic (2) receptors— 
hence adrenaline helpsto rse bronchospasm in anaphylactic shock. 
4, Receptor ant is antagonist binds to the same receptor as the 







agonist and in s. It can be competitive or non-competitive. 
(a) Competiti onism (equilibrium type): In competitive antagonism, 
nist and the antagonist bind reversibly to the same site on the 





cetylcholine —» Muscarinic receptors <—— Atropine 
orphine —» Opioid receptors <«— Naloxone 
(Agonists) (Antagonists) 


Equilibrium type of competitive antagonism can be overcome (re- 
versible) by increasing the concentration of the agonist. The log dose- 
response curve of the agonist shows a rightward parallel shift in the 
presence of competitive antagonist (Fig. 1.11). 

Non-equilibrium antagonism: The antagonist binds to the same site on 
the receptor as agonist but binding is irreversible. The antagonist forms 
strong covalent bond with the receptor, e.g. phenoxybenzamine is an 
irreversible antagonist of adrenaline at œ receptors. 

(b) Non-competitive antagonism: The antagonist binds to a different site on 
the receptor and prevents the agonist from interacting with the receptor. 
In this type, the antagonistic effect cannot be overcome by increasing the 
concentration of the agonist. There is a flattening of the dose-response 
curve (DRC) in non-competitive antagonism, e.g. diazepam and bicuc- 
ulline (Fig. 1.12). 


Agonist 


Agonist + competitive antagonist 


% Maximal effect ——> 


Log dose 
FIGURE 1.11 Competitive antagonism. (Adapted from Goodman & Gilman '$The cological Basis of 


Therapeutics, 12e.) 
Agonist ( QO 


WY antagonist (increasing dose) 


% Maximal effect 





FIGURE 1.12 Non-@ompetitive antagonism. (Adapted from Goodman & Gilman's The Pharmacological 
Basis of Therapeutics, 12e.) 


FACTORS MODIFYING DRUG ACTION 


There are a number of factors which can influence drug response. Individuals may 
often show quantitative variations in drug response but rarely show qualitative 
variations. The important factors are described in Table 1.7. 


Drug Factors 

1. Route of administration: When a drug is administered by different routes, 

it commonly exhibits quantitative variations, but sometimes it may also 
result in qualitative variations in response. 

(a) Quantitative variation: Oral dose of drugs are usually larger than intra- 

venous dose (since i.v. route produces 10096 bioavailability), e.g. for 

analgesic effect, intravenous dose of morphine required is 5-10 mg 





— Tablei7 - Factors influencing drug response 


Drug factors | Patient factors 
* Route of administration * Age 


e Presence of other drugs ° Body weight 


e Cumulation e Sex 
e Environment 





e Genetic factor 
e Psychological factor 
e Pathological state 





e Tolerance 
* Drug dependence 


whereas oral dose is 30-60 mg. ofsetg 

nous administration is rapid. 

(b) Qualitative variation: Th g may produce an entirely different re- 
sponse when admini ifferent routes, e.g. magnesium sul- 

ces purgative effect; parenterally, it 

causes CNS depre on local application reduces oedema in the 










rug action following intrave- 









e¢ addition, potentiation, synergism and antago- 


nism. 
3. Cu eis elimination of a drug is slow, then repeated administra- 
i will result in its accumulation in the body causing toxicity, 


emetine and chloroquine. 








Patient 
1. Age: In neonates, the metabolizing function of the liver and excretory 
function of the kidney is not fully developed, e.g. chloramphenicol 
can cause gray baby syndrome when given to neonates as the 
metabolizing enzymes are not fully developed. In adults, penicillin G 
is given six-hourly, but in infants it is given twelve-hourly as the 
excretory function is not completely developed. In the elderly, renal 
and hepatic functions progressively decline. The incidence of adverse 
effect of drugs is also relatively more, and hence drug doses have to 
be reduced accordingly, e.g. dose of aminoglycosides in elderly is less 
than normal adult dose. 
The dose of a drug for a child can be calculated as follows: 


1 . A e 
Young's formula: Child dose — NE. x 
g Age + 12 adult dose 


Dilling's formula: Child dose - ^8€ X adult dose 
20 


2. Body weight and body surface: An average dose of a drug is usually calcu- 
lated in terms of body weight (mg/kg). 


Dose = 


Body weight (k 
Soag weight (kg) X Average adult dose 


In obese individuals and in patients with dehydration or oedema, dose 
calculation on the basis of body weight is not very appropriate. A more ac- 
curate method for calculating a dose is on the basis of thebody surface area 
(BSA) of the patient. Nomograms are available t BSA from 
height and weight of the patient. 


Since it is inconvenient to calculate BSA, do$&js tinely calculated 
on body weight basis. Dose of anticancer d few other drugs are 
calculated on the basis of BSA. C) 

3. Sex: Drugs like B blockers, diuretics and clomidine can cause decreased li- 


bido in males. e 
4. Diet and Environmental factors: ces absorption of tetracyclines; 
fatty meal increases the absorp 















lism of drugs, such 
may be inadequate i 
5. Genetic factor: See 
6. Psychologi : Personality of the doctor as well as the patient can 










affect respo g. Some patients respond to inert dosage forms 
(plac j itions like pain, bronchial asthma, anxiety, etc. 
Plac : 'Placebo' is a Latin term that means ‘I will please’. It is a 


icine having no pharmacological activity. The effect produced 
by placebo is called placebo effect. Sugar tablets and distilled water injec- 
tion are used as placebos. 

(a) Uses 

(i) Placebos are used for the relief of subjective symptoms like anxiety, 
headache, tremors, pain, insomnia, etc. 

(ii) Placebos are used in clinical trials in order to minimize bias. 

(b) Factors affecting placebo effect are: 
(i) Patient factor: Patients with neurotic symptoms often respond to 
placebos. 

(ii) Drug factor: The placebo response can be affected by the physical 
presentation or route of administration of the drug, e.g. colourful 
tablets, such as red, blue, green and injectable preparations give 
better placebo effect. 

(iii) Doctor factor: Personality of the doctor, motivation, way of in- 
struction, doctor-patient relationship, etc. are important factors 
that also affect response to placebo. 


7. Pathological states: T 

(a) GI disorders: Achlorhydria reduces the absorption of weakly acidic drugs 
in the stomach by causing their ionisation. In malabsorption syn. 
drome, the absorption of some drugs is reduced. l 

(b) Liver disease: In chronic liver diseases, the metabolism of drugs is greatly 
reduced. This will increase bioavailability of drugs having high first. 

ass metabolism, e.g. propranolol. 

(c) Renal failure: coe of drugs that are excreted through Kidney is 
impaired, e.g. the incidence of nephrotoxicity and ototoxicity with 
aminoglycosides is more in the presence of renal failure. | 

(d) Absorption of iron from the gut is increased in iron deficiency anaemia, 

(e) Patients with myxedema are more sensitive to morphine. 


8. Tolerance: It means 'need for larger doses of a d produce a given re- 
sponse. Tolerance develops to nasal decongestaTib,e of ephedrine on 
repeated use. Patients on organic nitrates for angin evelop tolerance on 
long-term therapy. Tolerance is commonly see drugs like morphine, 
alcohol, amphetamine, etc. 

(a) Types of tolerance ( ) 
Tolerance 


Acquired tolerance 


It develops on repeated exposure to a 
drug. Sometimes, tolerance develops 
only to certain effects, e.g. on repeated 
use of morphine, tolerance develops 
Racial tolerance to its euphoriant effect but not to its 
Some races show tolerance "OC ee 

certain drugsjyé.g. rabbits to certain drugs, e.g. blacks 


can tolerate large doses of ^ are tolerant to mydriatics 
atropine 






(b) Mechanism of development of tolerance: It could be pharmacokinetic or 
pharmacodynamic tolerance. 

(i) Pharmacokinetic tolerance (Dispositional tolerance): It is due to re- 
duced concentration of the drug at the site of action — may be as a 
result of decreased absorption, increased metabolism and excre- 
tion. For example, rifampin induces the metabolising enzyme of 
oral contraceptives, enhances their metabolism, leading to contra- 
ceptive failure. 

(ii) Pharmacodynamic tolerance (Functional tolerance): The drug effect is 
reduced, which may be due to down-regulation of receptors or 
decrease in receptor-coupled signal transduction. Repeated use of 
opioids, barbiturates, etc. results in the development of tolerance 
due to decrease in the number of receptors (down regulation). 





Response 





Effect of repeated doses of ephedrine o 


FIGURE 1.13 Tachyphylaxis. BP: Blood tes 


(iii) Cross tolerance: The phenomenon Om exhibited by closely 
related (structural and me istic) drugs is called cross tolerance, 
iofds, between ether and alcohol. 


e.g. among nitrates, a 
(iv) Tachyphylaxis (tachy “abi axis = protection; acute toler- 
ance): Repeated useof Certain drugs at short intervals may result 












] depletion of the neurotransmitter and hence reduc- 
response (Fig. 1.13). 


DRUG INTERACTIONS 


When two or more drugs are given simultaneously, the effects of one drug may be 
altered by another drug. Drug interactions can occur in vitro (outside the body) or 
in vivo (inside the body). 


. Drug interactions 
In vitro In vivo 


—— 


Pharmacokinetic Pharmacodynamic 
interactions interactions 


1 


Drug interactions can result in either beneficial or harmful effects. 


Pharmaceutical interactions: These can occur as a result of incompatibility 
(physical or chemical) of a drug with an intravenous solution or when two 
or more drugs are mixed in the same syringe/i.v. infusion. This may result in 
precipitation or inactivation of one or more drugs. 

Phenytoin should not be administered in dextr 
cipitated. 

Dextrose solution is not suitable 
at acidic pH of dextrose. 

Gentamicin and carbenicillin shou 
may result in loss of potency. 
Pharmacokinetic interactions: These occur when one drug al 
distribution, metabolism or excretion of another drug. 


ose solution as it gets pre- 
for i.v. infusion of ampicillin as it is unstable 


ld not be given in the same infusion as it 


ters the absorption, 






sium and calcium), 


m Absorption: Antacids (containing aluminu 
ines by forming unab- 


iron, etc. interfere with the absorption 


sorbable complexes with it. 
Some drugs affect absorption of other dT by altering gastrointestinal 
motility. Metoclopramide increases te of gastric emptying and pro- 


motes absorption of aspirin. © 
an cause displacement interactions. 


u Distribution: Plasma-protein, b 
More than one drug can int ame site on plasma protein. The drug 
with higher affinity willdisplace the one with lower affinity. This results in 
nbound drug, e.g. salicylates displace warfarin 
n increased free warfarin levels and enhanced 








reased (enzyme inhibition) by another drug, e.g. carbam- 
es the metabolizing enzyme of warfarin, thus enhancing its 
and leading to decreased anticoagulant effect. 
Erythromycin inhibits the metabolizing enzyme of carbamazepine and may 
increase its toxicity. 
= Excretion: Most of them occur in the kidneys. 
s Salicylates interfere with the excretion of methotrexate and potentiate 
its toxicity. 
a Probenecid decreases renal tubular secretion of penicillins and prolongs 
duration of action of penicillins (beneficial interaction). 


Pharmacodynamic interactions: The interaction is due to action of drugs on 
receptors or physiological system. This may result in either additive, synergistic or 
antagonistic effects (see p. 33-34). The interaction may result in harmful effects, 
e.g. enhanced nephrotoxicity seen with the concurrent use of aminoglycosides 
and amphotericin B; it may also result in beneficial effect, e.g. levodopa and 
carbidopa in parkinsonism. 


— 
ponite 











According to WHO, rational use of medicines requires that 'patients receive 
medications appropriate to their clinical needs in doses that meet their own indi- 
vidual Tenens for an adequate period of time and at the lowest cost to them 
and their community’. 


It involves the administration of right drug, right dose, right duration, right cost 
to the right patient. 


Irrationalities in Prescribing 


a Unnecessary use of drugs, e.g. antibiotics for viral infections. 
= Drug not prescribed as per standard treatment guideli 


m Underuse of drugs, e.g. not prescribing oral rehydr solution in acute 
diarrhoea. 
= Incorrect use of a drug, eg. selection of wron of incorrect route 


and dose of a drug. 

Use of medicines with doubtful efficacy, of. appa stimulants. 
Prescribing banned drugs, e.g. cisapride. 

a Use of irrational combinations, e.g 
coccal infections. 

= Prescribing expensive medicin 
tive drugs are available. 


ma Polypharmacy. 






icillin and cloxacillin for staphylo- 


ily when cheaper, equally effec- 


Hazards of Irrational ÉS 





Financial birden to society. 
Loss of patient's faith in the doctor. 
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Rational Prescribing 


m Define the therapeutic problem. 


z Make a diagnosis. 
z Define therapeutic goals to be achieved, e.g. relief of symptoms, 


cure, etc. 
s Select the right drug - appropriate route, dose and duration of treatment. 


Write a complete prescription. 
Give proper instructions and information about the drug. 


= Monitor therapy. 





CAP mesa wade O UT 


ADVERSEDRUGEFFECTS — 

proba ined as any undesirable or unwanted effect due to drug admin. 

cato je WHO suggested definition of ADR and AE are as follows: 

Adverse drug reaction (ADR): Any response which is noxious, unintended and 
hich occurs at doses normally used in humans for prophylaxis, diagnosis or 

dd of disease, or for modification of physiological function. 

Adverse event: Any untoward medical occurrence that may present during treat. 


ment with a pharmaceutical product but which does not necessarily have causal 
relationship with the treatment. | 


Types of ADRs 


These are predictable reactions to a drug which ated to its pharmacological 


Predictable Reactions (Type A or Augmented Reac 
actions. They include side effects, amas d toxic effects. 







Unpredictable Reactions (Type B ra zarfe Reactions) 
These are non-dose-related unpredictabi e 

to the pharmacological action g. A 
unpredictable reactions. 


ctions to a drug. They are not related 
llergic reactions and idiosyncrasy are 









Adverse Drug Effects Ir 


ud. 
= Side effects: The ure unwanted pharmacological effects of a drug, 
whichare feg therapeutic doses, e.g. atropine used in the treatment 






lo So produces dryness of mouth, blurring of vision, urinary 
;, Which are the side effects. 


, 


= Toxic effects: These are the effects of a drug, which are either due to overdos- 
age or chronic use, e.g. bleeding due to chronic use/overdosage of antico- 
agulants and nephrotoxicity with aminoglycosides especially in patients 
with renal failure. 

* Drug allergy: It is an abnormal response (local or systemic), mediated by the 


immune system, to a drug/foreign antigen. Different types of hypersensitiv- 
ity reactions are discussed below. 


= Those associated with humoral antibodies: Types I, II and III. 
= Those associated with cell-mediated immunity: Type IV (delayed hyper- 
sensitivity). 


Type I hypersensitivity (immediate type, anaphylactic) reactions 


It is a rapidly occurring reaction, hence called immediate hypersensitivity reac- 
tion. The manifestations are itching, urticaria, hay fever, asthma or even anaphy- 
lactic shock. 





Exposure to certain drugs (penicillin, aspirin, lignocaine) 


Production of IgE antibodies — fix to mast cells 


On re-exposure to the same drug 


Ag-Ab reaction occurs on the mast cell surface 





Release of mediators 
(Histamine, 5-HT, PGs, AJ 
Hypotension, bronchospasm, angioedema, arid? rhinitis and anaphylactic shock 


Anaphylactic shock is a medic ON A and should be treated promptly 








L intramuscularly. 
mg intravenously. 
intramuscularly/ intravenously. 


of complement, which destroys the cells. 


IgG- and IgM-mediated 
The antibody reacts with cell-bound antigens 
; ?—] Specific 
TRECE Y a antibody 


| 


Activation of complement 


Destruction of cells 





i i lytic anaemias produc 
Examples are: blood transfusion reactions, haemolyt p ed b 
quinine, quinidine, cephalosporins, etc. 


Type III hypersensitivity (Arthus, serum sickness) tieu z 
In this type of reaction, antibodies involved are mainly IgG. 


; ——» Depositi 
AG: AB complexes are formed ——» Fix e naton E 0 
complexes on vascular endothelium ——> Destructive in e, 


For example, serum sickness (fever, urticaria, joint pain, uu With 
penicillins and sulphonamides; acute interstitial nephritis wi x E antiin. 
flammatory drugs (NSAIDs) and Stevens-Johnson syndrome with sulp onamides 


Type IV hypersensitivity (cell-mediated or delayed hypersensitivity) reactions 


It is mediated by sensitized T lymphocytes. Re-exposuresto the oe leads to 4 
local inflammatory response. The manifestations us r 1-2 days after ey. 
posure to the sensitizing antigen, e.g. contact dermatitis due to local anaesthetic 


creams, topical antibiotics and antifungal agen 0l 
Types II, III and IV reactions are treated wi corticoids. 
m  [diosyncrasy 
It is usually a genetically determined a ormal reaction to drugs, e.g. aplas- 


tic anaemia caused by chlordmp enicol, succinylcholine apnoea, haemo. 
i and sulphonamides. 


lytic anaemia seen with aqui 
a Drug Dependence 
World Health Orga 


ion™(WHO) defines drug dependence as ‘a State, 
psychic and i so physical, resulting from the interaction 
n 





between a livi and a drug characterized by behavioural and 


other respo ways include a compulsion to take the drug on a con- 
tinuous or heioji basis in order to experience its psychic effects and some- 
O e discomfort of its absence’, e.g. opioids, alcohol, barbitu- 







therdrug as the patients feel that their well 
2. Physical dependence: Re 
changes in the body, 
in the body necessary 


-being depends upon the drug. 
peated drug use produces physiological 
which makes continuous Presence of the drug 
to maintain normal function. Abrupt stoppage 
of the drug results in an imbalance wherein the body has to readjust 
to the absence of the drug resulting in the development of signs 
and symptoms known as withdrawal syndrome. The withdrawal signs 


and symptoms are generally opposite to the effects produced by 
the drug. 


Principles of treatment of drug dependence are: 

1. Hospitalization. 

2. Substitution therapy: For example, 
tution for morphine addiction. 

3. Aversion therapy: Disulfiram for alcohol addiction. 

. Psychotherapy 


5. General measures: Maintain nutrition, family support and rehabilitation. 


methadone/buprenorphine substi- 


A 





m Jatrogenic Diseases 
It is physician-induced disease (‘Iatros’ is a Greek word, means ‘physician’) 
due to drug therapy, e.g. parkinsonism due to metoclopramide; acute gas- 
tritis and peptic ulcer due to nonsteroidal antiinflammatory drugs. 

m Teratogenicity 
Certain drugs when given during pregnancy may cross the placenta and produce 
various dangerous effects in the fetus (Table 1.8). This is called teratogenesis. 

Administration of drugs during early pregnancy (conception to 16 days) 
could result in abortion; during 2-8 weeks of gestation, it can affect organo- 
genesis and produce structural abnormalities; during second and third trimes- 
ter, drugs can affect growth and development of the fetus. Hence, drug 
administration during pregnancy should be restricted. 

The USFDA (Food and Drug Administration) has plac 
categories (A, B, C, D, X) depending on the risk of the 
fects. Category X drug (e.g., warfarin, methotrexate) i is 
during pregnancy as risk to fetus is proven and ou 

m Carcinogenicity and mutagenicity 
The ability of a drug to cause cancer is carcingg nd the agent is known 
as carcinogen. The abnormalities of genetic ial in a cell produced by a 
drug is known as mutagenicity, e.g. a ancer drugs and oestrogens. 

m Photosensitivity reactions 


drugs in various 















It is a drug-induced cutaneous o toallergy/phototoxity) follow- 
ing exposure to ultraviolet r namide causes photoallergy on 
exposure to light, it produ ermatitis due to immune response (cell me- 
diated). Doxycycline ca ototoxicity - a local reaction occurs on 
exposure to UV light. 






Some of t xic drugs are isoniazid, rifampicin, pyrazinamide, 
halo mol, etc. 
u Nepliro (Vancomycin, Aminoglycosides, Cisplatin, Cyclosporine, 


Amphotericin B, Tetracyclines (Fanconi syndrome), Indinavir, gOld salts, 
Nystatin, etc. are nephrotoxic drugs.)] 


m Ototoxicity 
It can occur with aminoglycosides, loop diuretics, cisplatin, etc. 


= Ocular toxicity 
Ethambutol, chloroquine, glucocorticoids, etc. can cause ocular toxicity. 


Table 1.8  Teratogenic effects of some drugs 








Drug Teratogenic effect 

Thalidomide Phocomelia 

Tetracyclines Yellowish discolouration of teeth 
Antithyroid drugs Fetal goitre 


a ai et esata en th nla EEE Ee ag tN I a at 
“Mnemonic for nephrotoxicity: VACATION. 


Pharmacovigilance 


It is the science and activities relating to detection, 
and prevention of adverse effects or any other possible drug-related problems 
(WHO). The aim of pharmacovigilance is to improve patient care and safety 
related to use of drugs, promote rational use of medicines, develop regulations 
for use of drugs and educate health care professionals about adverse drug 
reactions. 

Causality assessment: Some of the commonly us 


ment are Naranjo's scale and WHO scale. 
The National Pharmacovigilance Centre is located at Ghaziabad. The Inter- 


national Centre is Uppsala Monitoring Centre in Sweden. Any health care pro- 
fessional, e.g. doctors, dentists, nurses and pharmacists can report à suspected 
adverse drug event. Patients can also report adverse drug reactions. 


assessment, understanding 


ed tools for causality assess- 






Toxicology is the study of poisons—their acti efection, prevention and 
treatment of poisoning. All poisoning cases req ospitalisation and careful 
observation till recovery. Poisoning may bessuitidal, homicidal or accidental. 
All cases of poisoning are medic al cases; hence, the police should be 


informed. 


TREATMENT OF POISONING 








Weared. In comatose patients, there is danger of 
ion by tongue, secretions and aspiration of vomitus. 
should be turned to his left lateral side. A cuffed endo- 
should be inserted and secretions should be aspirated 


3. Breathing should be assessed. If there is hypoxaemia, oxygen should be 
given. Patient may need mechanical ventilation if there is respiratory insuf- 
ficiency. 

4. Circulation should be assessed (pulse rate and blood pressure) and an i.v. 
(intravenous) line should be maintained. 

5. To prevent further absorption of poison: 

(a) Inhaled poisons (gases): Patient should be moved to fresh air. 

(b) Contact poisons: Contaminated clothes should be removed and the 
body part should be washed with soap and water. 

(c) Ingested poisons: Gastric lavage can limit the absorption if done within 
2-3 h of poisoning. If patient is unconscious, endotracheal intuba- 
tion should be done before gastric lavage. Gastric lavage is usually 
done with normal saline. Other solutions used are lukewarm water, 
potassium permanganate solution, sodium bicarbonate, etc. Lavage 
should be repeated till the returning fluid is clear. After the lavage 
activated charcoal is administered which adsorbs many drugs and 


poisons (physical antagonism). Activated charcoal has a large surface 
area and is highly porous to bind with poisonous material. Gastric 
lavage should not be carried out in case of poisoning due to corro- 
sives (except carbolic acid), petroleum products (kerosene), convul- 
sants, etc. 

Mustard, common salt, syrup ipecac, etc. can be used to induce vom- 
iting and prevent further absorption of ingested poisons. However, this 
method is rarely practiced now. 

Laxatives like magnesium sulphate or citrate can be used orally to 
promote elimination of the ingested poison. Oral polyethylene glycol 
electrolyte solution can be used for whole bowel irrigation of the gas- 
trointestinal tract in case of poisoning due to iron, lithium, cocaine, 
heroin, foreign bodies, etc. 

6. To promote elimination of absorbed portion of the 

(a) Diuretics (i.v. mannitol or furosemide) are us 

nation of absorbed portion of the drug. R ination of some of 

the drugs can be increased by altering the urine, e.g. alkalinisa- 

tion of urine in salicylate poisoning acidification of urine in am- 
phetamine poisoning. 

(b) Dialysis is used in cases of 

methanol, etc. 






e poisoning, e.g. lithium, aspirin, 
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vulsions and external coolja erpyrexia. 
id. an ey olyte balance: Hyponatraemia should be 


e should be diluted in a tumbler of water to prevent 
Potassium chloride should be given slow intrave- 
diac depressant effect. Rapid injection can cause cardiac 





intravenously. Intravenous sodium bicarbonate is used to treat metabolic 
acidosis. 
Note: Mnemonic for general management of poisoning: A to H. 


Specific Management 
Antidotes for some poisons are listed in Table 1.9. 


POISON INFORMATION CENTRES 


WHO has established poison information centres in AIIMS, New Delhi and 
Ahmedabad. Computer software on poisons (INTOX) is used in these centres. 
Regional centres are in Chennai and Cochin (POISONDEX). These centres pro- 
vide information about toxicity assessment and treatment over the phone 
throughout the day. 


. Table 1.9 Antidotes for various poisons. ^: 


Poison Antidote 


Alkalies Dilute acetic acid (vinegar) 
Organophosphorus compounds Atropine 

Morphine (opioids) Naloxone 

Atropine Physostigmine 
Benzodiazepines Flumazenil 

Carbamates Atropine 

Methanol Ethyl alcohol, jomepiao p 
Paracetamol N-Acetylcys! eiñe 

Heparin Protami e sulphate 
Warfarin Vitafnin Q, (phytonadione) 


Iron compounds Desferrioxamine 


PHARMACOECONO Y 


It is a scientific discipline with the evaluation of cost and consequences of 
drug therapy or othe inten tiofis to health care system and society. The commonly 

economi@ analytical methods are cost minimization analysis, cost- 
is.and cost-benefit analysis. 












A drug should be carefully and ethically evaluated by testing in human beings for 
safety and efficacy prior to its use in man for therapeutic purposes. Such study in 
humans is referred to as clinical trial. 

Preclinical studies in animals: Before undertaking clinical trials, sufficient 
data about the drug must be obtained by testing it in animals. Animal studies 
generate pharmacodynamic, pharmacokinetic and toxicological data of the drug. 


Toxicity Studies 
Acute toxicity studies 


Acute toxicity is carried out in two animal species (one rodent, one non-rodent). 
Single, graded doses are administered to small groups of animals using two 
routes—one that is to be used in human. It is done to determine the general be- 
haviour and median lethal dose (LDso) following exposure to the test drug. LDso 
is the dose required to kill 5096 of the animals. It is determined in a 24-hour 
period after administration of the drug. 





Subacute toxicity studies 


These are done in two species of animals to determine the maximum tolerated 
dose, identify target organ of toxicity and nature of toxicities. The test drug is ad- 
ministered daily for a period depending on the duration of treatment in humans. 
Animals are examined for general effects (food intake, change in the body weight, 
etc.), biochemical and haematological parameters are monitored; histological 
examination is done. 


Chronic toxicity studies 


Drugs are administered in two species (one rodent and one non-rodent) for 
6-12 months. Monitoring is done as in subacute toxicity studies. 


Special toxicity studies 


These include tests for carcinogenicity, mutagenicity and teratogenic effects of the 
drug. It also includes effects on reproduction. 


Clinical Trials 


After completion of preclinical testing of the drug ther omipany files an investiga- 
tional new drug (IND) application with the regula authority for permission to 
test the drug in humans. Clinical trials ar ducted in four phases I-IV. Usually, 
the information obtained from one pha lysed before proceeding to the 
next phase. & 


Phase | 


This phase involves testing 
out in about 10-100 partici 
For drugs with poténti 
in cancer patients. 
drug and t i 
data can be obta 
blinding is done 










n humans for the first time. It is carried 
his is usually carried out in healthy volunteers. 
e.g. anticancer drugs, phase I trials are carried out 
objective of this phase is to determine safety of the 
olerated dose. Pharmacokinetic and pharmacodynamic 
. It is usually carried out by a clinical pharmacologist. No 
en label study). 


Phase Il (Therapeutic Exploratory Study) 

It is carried out for the first time in patients with target disease for which the drug 
is intended to be used. The main objective of this phase is to assess the effective- 
ness of the drug and to determine effective dose range. Further evaluation of 
safety and pharmacokinetics is also done. The study is randomized and con- 
trolled; may be blinded. It is conducted in about 50-500 patients and usually in 
3-4 centres. 


Phase III (Therapeutic Confirmation Trials) 


The aim is to confirm the efficacy of the drug in large number of patients of either 
sex. It is conducted in multiple centres. They are generally randomized, double 
blind comparative trials. Further data on kinetics and drug interactions can be 
obtained. Permission for marketing the drug is granted after successful completion 
of phase III trials. 


EP RE NER CUN E 


Phase IV (Post-Marketing Surveillance) 
Once the drug is approved for marketing, post-marketing surveillance is carried 
out to obtain additional data about benefit and risk of use of drug in a larger 
number of patients following long-term use. It provides information on adverse 
reactions, drug interactions, new indications and evaluation of different formula- 
tions. Post-marketing surveillance helps to estimate incidence of adverse reac- 
tions, detect previously unknown adverse reactions and identify risk factors for the 
adverse reactions. There are ADR monitoring centres in different parts of the coun- 
try. The ADRs observed in the patient should be reported to these centres. The 
drug company has to submit post-marketing data for the drug at regular intervals 


to the regulatory agency to continue its use. 







Good Clinical Practice 
Good clinical practice (GCP) is an international and scientific standard for 
designing, conducting, monitoring, terminatin iting, reporting and record- 


ing trials. It ensures that the data generated ials is credible, accurate and 
the rights, integrity and confidentiality of t icipants are protected. 















© 
Informed Consent . 
Prior to enrolling the patient éd e investigator should obtain informed 
consent from the subject. Iis} process by which a subject voluntarily confirms 


his/her willingness to Fi) a trial after having been informed of all as- 
b 


he-sübject's decision to participate in the trial. The 

by the investigator in the subject's language without 
e. The informed consent is documented by means ofa 
ated (by both investigator and subject) informed consent 
s illiterate, his legally accepted representative or an impartial 
be present during informed consent discussion. The thumb 
impression of the subject is taken and his legally accepted representative should 
sign and date the informed consent form. In case of young children and mentally 
ill patients, consent is obtained from their guardian or legal representative. 


Ethics Committee 

It is a committee or board designated by the institution to review research propos- 
als and conduct periodic review of research involving humans so as to ensure the 
protection of the rights and welfare of human subjects. The number of persons in 
an ethics committee is about 7-15. A minimum of five persons is required to form 
the quorum. 


Composition 


I . ( . . . . . 
} ) f l tH . . } 





. Oneor two clinicians from various institutes. 

. One legal expert or retired judge. 

One social scientist/representative of non-governmental voluntary agency. 
One philosopher/ethicist/theologist. 

. One lay person from the community. 

. Member secretary. 


Randomization 


It is a process where the subjects are randomly assigned to treatment groups in a 
clinical trial using a chance mechanism. This is usually done by a computer. The 
investigator has no role in deciding the allocation of a particular treatment to a 
particular patient in the trial. Randomization is done to avoid in the constitu- 
tion of trial group. 


Blinding Q 
The purpose of blinding in a trial is to eliminat 4 t is done to conceal the 


identity of the drug from the investigator and the ct. It could be single blind 
or double blind. 

In a double blind trial, both the invest 
identity of the drug administered to j a single blind trial, the subject 
is unaware of the identity of the nistered to him. A randomized double 
blind trial is a standard de f f the clinical trials. 


AM 


oO 
d the subject do not know the 







uum ce eu emer Due LA LIUM 
CHAPTER 2 
Drugs Acting on 
Autonomic Nervous 
System 


INTRODUCTION TO AUTONOMIC PHARM 


The nervous system is divided into central nerv tem (CNS: brain and spinal 
an be further divided into 


cord) and peripheral nervous system (PN 
somatic nervous system and autonomic nervous system (ANS). The differences 
le 2-1 (p. 53). 


between these two systems are given i Tab 






Central ne Peripheral nervous system 
(PNS) 


Autonomic nervous Somatic nervous 
system (ANS) system 


Sympathetic system Parasympathetic system 


The ANS has two divisions—sympathetic and parasympathetic (Fig. 2.1, p. 53). 

The sympathetic division arises from thoracolumbar region (T\-Ls, thoraco- 
lumbar outflow) and the parasympathetic division arises from two separate 
regions in the CNS. The cranial outflow arises from cranial nerves (IIl, VII, IX 
and X) and sacral outflow from S;, S and S4 spinal roots. 

In sympathetic system, the preganglionic fibres are short and postganglionic 
fibres are long. On the other hand, the parasympathetic preganglionic fibres 
are long and postganglionic fibres are short (Fig. 2.2, p. 54). Most of the visceral 


nape ot te 


Difference 
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AE 
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Autonomic nervous system 


Auto: self; nomos: governing; this 


system is involuntary and maintains 
homeostasis 


Each autonomic fibre is made up of two 
neurons arranged in series 


Effector cell 
Ganglia 3 
3 | : 
Neuroeffector junction 
*--* Postganglionic fibre 


-->Preganglionic fibre 


It innervates the heart, smooth muscles 
and exocrine glands 






It controls visceral functions such as 
circulation, digestion, excretion, etc. 


CQ 
Cranial 
outflow 


Sacral S, 
outflow S; 
S4 


between ANS and somatic nervous system 


pare € MS ms 


IS eren IL 


Somatic nervous system 


Somatic nervous system is under 
voluntary control 


Each somatic fibre is made up of 
single motor neuron, which 
connects CNS to skeletal muscle 


Motor 
nerve aaa 
e—— —« A Skeleta cle 
NMJ 
(Neuromuscula 
It in s skeletal muscle 










trols skeletal muscle tone 


Sympathetic 
system 





Thoracolumbar outflow 


FIGURE 2.1. Divisions of ANS. 


organs have dual nerve supply, i.e. they are supplied by both divisions of the ANS, 
but effects of one system predominate. The ciliary muscle, pancreatic and gastric 
glands receive only parasympathetic supply; sweat glands, hair follicles, spleen 
and most of the blood vessels have only sympathetic supply. Their stimulation 
usually produces opposite effect on the innervating organ (Fig. 2.3, p. 54). 


1 2 
Parasympathetic qe ee ean D Effector cell 
6 
€——«9— ——— — ——  —^ N Blood vessel 
1 3 
Sympathetic €——«9————— — an (Gf eren gland 
e-——— «ch [di harenalin 
Adrenal 
medulla 


Motor nerve LP = Skeletal muscle 


FIGURE 2.2 Sites of acetylcholine (ACh) and noradrenalin ly od 
of both sympathetic and parasympathetic system; 2, postgan io 
sympathetic postganglionic fibres supplying the sweat gla 
5, motor nerve; 6, postganglionic fibres of sympathetic a 
the brain and spinal cord release ACh and NA. 


ase in the PNS: 1, preganglionic fibres 
bres of parasympathetic system; 3, 
: 4 nerve fibres supplying the adrenal medulla; 
at release NA. In addition, certain neurons in 







Sympathetic stimulation rgan Parasympathetic stimulation 
Heart 
e— >—eo> o 
R | HR 
FOC L FOC 
Pupil 
dias. $$ O> 4e Miosis 
Bronchi 
Bronchodilatation ———————> | Jd | 4— —————— — Bronchospasm 
GI motility GI motility 
decreasesand . 1, è increases and 
sphincter tone sphincters are 
increases 


relaxed 


FIGURE 2.3 Effects of sympathetic and parasympathetic stimulation on various organs. HR, Heart rate 
FOC, Force of contraction; and GIT, Gastrointestinal tract. 
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Cholinergic Transmission 
Acetylcholine (ACh) is the neurotransmitter in the cholinergic system. The sites of 


cholinergic transmission are shown in Fig. 2.2 
: 24, p. 54. The neu 
store and release ACh are called cholinergic neurons (Fig. 2 i that synthesize, 
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Synthesis of Acetylcholine ( Fig. 2.4) 


Choline enters the cholinergic neuron by carrier-mediated transport, where it re- 
acts with acetyl-CoA with the help of choline acetyltransferase (ChAT) to form 
ACh. The ACh is then stored in storage vesicles, It is released into the synaptic cleft 
when an action potential reaches the nerve terminals. The rele ACh interacts 
with cholinergic receptors on effector cell and activates them da th aptic cleft 
the ACh is rapidly hydrolysed by acetylcholinesterase (ACHE) e e. 


Cholinesterases 


Acetylcholine is rapidly hydrolysed to choline and aceti Cid by enzymes cholin- 
esterases. There are two types of cholinesterases: 


1. True cholinesterase or AChE: It is 
RBCs and neuromuscular juncti 
methacholine. 


fou d iff cholinergic neurons, ganglia, 
YA P It rapidly hydrolyses ACh and 











Choline. à—————- Choline 


ChAT 


ACh 


| 


@ACh . 
9500 Storage vesicle 


Ge | e Autoreceptor 


Choline. AChE 
ACh 
Acetate lw 


Cholinergic receptors 


FIGURE 2.4 Synthesis, storage and fate of released ACh at the cholinergic nerve endings. ChAT, choline 
acetyltransferase; AChE, acetylcholinesterase. 
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2. Pseudocholinesterase or butyrylcholinesterase: It is found in plasm 
liver and glial cells. Pseudocholinesterase can act on a wide variety of ester, 
including ACh (hydrolysis is slow) but does not hydrolyse methacholine 


Cholinergic Receptors 

They are divided broadly into two types—muscarinic and nicotinic. Muscarinic 
receptors are further divided into five different subtypes: M1-Ms. Only M;, M, an d 
M; are functionally recognized. Mg and Ms subtypes are found in the CNS, aj 
muscarinic receptors are G-protein-coupled receptors and regulate the production 


of intracellular second messengers. 


Muscarinic receptor subtypes with their location(s) 










M, and M; 
h muscles « CNS 


Mı M2 | 
e Gastric glands e Heart 
( ° crine glands 


ə Autonomic ganglia 
e CNS Endothelial cells 


oO 
Nicotinic receptors are divi i o subtypes—Nw and Nw. Activation of 
these receptors directly opefi the.ion channels and causes depolarization of the 
membrane. The character muscarinic and nicotinic receptors are shown in 
Table 2.2. 








Table mers of muscarinic and nicotinic receptor 


ubtypes 


Cellular response Functional response 





e(s) 
t Inositol triphosphate e Increases learning and 


(IPs) and 7 diacylglyc- memory 
erol (DAG) e Promotes glandular secretion 
and smooth muscle 
contraction 
Mz | Cyclic adenosine Hyperpolarization 
monophosphate * depresses SA node 
(CAMP), opening of * depresses AV node 
K* channels * decreases atrial and 
ventricular contraction 
Nn Opening of ion Depolarization 
channels (Na*, K*) e Release of adrenaline and 
noradrenaline from adrenal 
medulla - 
Nm Opening of ion e Depolarization 


channels (Na+, K+) e Skeletal muscle contraction 


Nicotinic receptor subtypes with their location(s) 


ne aa 


NN Nm 
e Autonomic ganglia e Neuromuscular junction 
e Adrenal medulla 


CHOLINERGIC AGENTS (CHOLINOMIMETICS, 
 PARASYMPATHOMIMETICS) 


Acetylcholine i is a quaternary ammonium a indi is sapialy bvdrovsed by 
cholinesterases. Hence, it has no therapeutic application. It has-to be given intra- 
venously to study its pharmacological actions. Even when given venously, a 
large amount of the drug is destroyed by pseudocholinestétase ood. 


Classification O 


Cholinergic agónists 















Indirectly acting 
(anticholinesterases) 


Directly acting 





Choline esters 
e Acetylcholine 
« Bethanechol 
« Carbachol 





e Pilocarpine 
e Muscarine 








Irreversible 


Carbamates Organophosphorus (OP) 
e Physostigmine compounds 
e Neostigmine e Parathion 
e Pyridostigmine * Malathion 
e Edrophonium e Sarin, soman, 
e Rivastigmine tabun (nerve gases) 
* Donepezil * Dyflos 
e Galantamine e Echothiophate 
* Carbaryl 
* Propoxur ae E 
(Baygon) insecticides 


Choline Esters 
Choline esters include acetylcholine, carbachol and bethanechol. 


=. 


Acetylcholine . 
Acetylcholine produces muscarinic and nicotinic effects by interacting with re. 
spective receptors on the effector cells (Table 2.3). 


Muscarinic Actions 


1. Cardiovascular system . daimia 
(a) Heart: The effects of ACh are similar to those following vaga! stimulation, 


ACh, by stimulating M; receptors of the heart, opens K* channels resulting in 
hyperpolarization. Therefore, SA and AV nodal activity 1$ reduced (Fig. 2.5). 
2 |} HR (negative chronotropic effect) 
Ach — M2 J FOC (negative inotropic effect) 





J A-V conduction (negative dr pic effect) 
FIGURE 2.5 Effects of acetylcholine (ACh) on 


(b) Blood vessels: Acetylcholine stimulat eceptors of vascular endothe- 
lial cells, which release endothelium- dent relaxing factor (EDRF, 
NO) leading to vasodilatation anda fall in blood pressure (BP) (Fig. 2.6). 





NO [EDRF] —— Vasodilatation 


|J BP 


2. Smoo 
ointestinal tract (Fig. 2.7) 


T Tone of the gut 
M; . 
ACh -25 7 Peristaltic movements 
T Gl secretions 
—> Relaxes the sphincter (may cause defecation) 


FIGURE 2.7 Effects of acetylcholine (ACh) on gastrointestinal (Gl) tract. 


(b) Urinary bladder (Fig. 2.8) 


Ne d Contracts the detrusor muscle 


ACh -> 
M3 


Relaxes trigone and sphincter (causes urination) 


FIGURE 2.8 Effects of acetylcholine (ACh) on urinary bladder. 
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(c) Bronchi (Fig. 2.9) 


M Contracts the bronchial smooth muscle (bronchospasm) 
ACh Increases tracheobronchial secretion — therefore, 
cholinergic drugs are contraindicated in asthmatics 


FIGURE 2.9 The effect of acetylcholine (ACh) on bronchi. 


3. Exocrine glands: Increase in salivary, lacrimal, sweat, bronchial, gastric and 
other gastrointestinal (GI) secretions. 


4. Eye (Fig. 2.10): ACh does not produce any effect on topical administration 
because of its poor penetration through tissues. 





Sphincter pupillae ‘ Ciliary muscle 
» >t Parasympathetic 4—— Cornea 


Iris 


Canal of Schlemm 


Dilator pupillae Sympathetic 





FIGURE 2.10 Autonomi rvation of the eye. 





Action of ACh on eye ca as follows: 


Acetylcholine ( ine, physostigmine 






M3 receptors 


Contract sphincter Contract ciliary muscle —> Spasm 
pupillae (miosis) of accommodation 


~a ri 


Open the trabecular meshwork around the canal of Schlemm 


y 


Facilitate drainage of aqueous humour and reduce 
intraocular pressure (IOP) in glaucoma 


Ciliary muscle contraction — relaxation of suspensory ligaments of lens 


Bulging of lens 


Vision fixed for near distance 


$9 meia 0000000 0 


of ACh are required. 
dangerous muscarinic 
istration of atropine is 


Nicotinic Actions. To elicit nicotinic actions, larger doses 
1. Autonomic ganglia: Higher doses of ACh produce 
effects especially on the heart. Hence, prior admin 
necessary to elicit nicotinic actions. 
Higher doses of ACh stimulate both sympathetic as well as parasympathetic 
ganglia (Fig. 2.11) causing tachycardia and rise in BP. 


Ganglia 
Para i pi e—< Tach OW 
sympathetic Elector 
cell 
Ganglia 
Sympathetic ee ee es TINA (Y 
atti f 


athetic and S anglia 







FIGURE 2.11 Stimulation of parasymp 


initially produces twitch- 


9. Skeletal muscles: At high concentrati KA ly | 
ing, fasciculations followed by prolongs epolarization of NMJ and 


paralysis. 
3. CNS: Intravenously administ 


because of its poor penetr io 


ACh does not cause any central effects 
h the blood-brain barrier (BBB). 










Bethanechol (Table 2.3) 


It has selective musca 
postoperative urinary 


„on GIT and urinary bladder. It is preferred in 
paralytic ileus because: 


onized by atropine. 


ic side effects are completely antag 
by contracting the detrusor 


etention, it causes voiding of urine 
and relaxing the trigone sphincter. 
s in paralytic ileus, it stimulates peristaltic movement and increases the tone 


by interacting with M; receptors of the gut. 


. Table 2.3 Pharmacological properties and uses of choline esters 


Choline esters 


Bethanechol 


Acetylcholine Carbachol 

Metabolized by True and pseudo- Resistant to both Resistant to both 
cholinesterase enzymes enzymes 
enzymes 

Nicotinic actions + + 

Effect of atropine Muscarinic Muscarinic ac- Muscarinic ac- 


actions are com- tions are not c i 
om- tions are com- 
Hn blocked pletely blocked by pletely blocked by 
y atropine atropine atropine 


Table 2.3 ^ Pharmacological properties and uses of cholin 
esters—contd = © | 





Choline esters 


Acetylcholine Carbachol Bethanechol 
Uses Not useful in Glaucoma Postoperative- 

therapy because urinary retention 

of very short du- and paralytic ileus 


ration of action 


+, present; -, absent. 


Cholinomimetic Alkaloids 


They mimic the actions of acetylcholine; examples are piloca uscarine and 
arecoline. 


Pilocarpine 


Pilocarpine is a cholinomimetic alkaloid obtained rpus plant. It is a ter- 
tiary amine. It produces muscarinic and nicotinic effects by directly interacting with 
ecially on secretory activity. 









|. Pilocarpine 0.5-4% solution is use¢ Ally in the treatment of open-angle 
and acute congestive glauc es the tone of the ciliary muscle and 


causes miosis by conftacti 


work around the Schlep 

reduces IOP. It acts ra iy hort duration of action. Pilocarpine ocusert 
Vly over 7 days is available (see p. 9). 

vith mydriatics to break adhesions between the iris 


ho 


Adverse Effects. They are salivation, sweating, bradycardia, diarrhoea and bron- 
chospasm; pulmonary oedema can occur following systemic therapy. 


Muscarine 
It is an active ingredient of poisonous mushroom, Amanita muscaria and Inocybe 
species. Some types of mushroom poisoning are explained below: 


Mushroom poisoning 


Rapid onset type Hallucinogen type Delayed onset type 
Caused by Inocybe species. Caused by Amanita muscaria Caused by Amanita phalloides. 
It is characterized by and Psilocybe species. Toxin Toxin is amatoxin. It results in 
excessive muscarinic effects, is muscimol. It produces mainly delayed gastroenteritis, hepatic 
vomiting, diarrhoea, central effects. There is no and renal damage. It does not 
bradycardia, salivation, specific antidote; atropine is respond to atropine and is 
sweating, bronchospasm, contraindicated. Supportive treated with thioctic acid. 
hypotension, etc. (due to care should be given. Supportive care is required. 


toxin muscarine). It responds 


Treatment of mushroom poisoning is mainly supportive. 





Arecoline 
It is an alkaloid obtained from areca nut. It has muscarinic and nicotinic actions 
similar to choline esters. 


Anticholinesterases (Fig. 2.12) 

They inhibit the enzyme cholinesterase that is responsible for hydrolysis of acetyl- 
choline. Thus, ACh is not metabolized, gets accumulated at muscarinic and nico- 
tinic sites and produces cholinergic effects. Hence, anticholinesterases are called 
indirectly acting cholinergic drugs. 


Reversible Anticholinesterases 


Physostigmine 
Neostigmine 
Pyridostigmine 
Edrophonium 
Galantamine 


Rivastigmine 
Donepezil 


ACh binds to anionic and esteratic sites of chohinesterase > acetylated enzyme > 


rapid hydrolysis — acetate and free en 








of 8-10 min. It away-from the enzyme. 


Organophosphate Vale tly to esteratic site of cholinesterases and in- 

hibit them irr ydrolysis of phosphorylated enzyme is extremely 

slow. E ign inds to both anionic and esteratic sites of the enzyme. 
tylcholine Edrophonium Organophosphates 


A E A E A E 
Carbamates Echothiophate 
A E A E 


FIGURE 2.12 Inactivation of acetylcholine and mechanism of action of anticholinesterases. A, Anionic 
site; E, Esteratic site. 


Ma 


a Reversible anticholinesterases inhibit both tru 


e and pseudocholinesterases 
reversibly. 


M N 


NA 


True ChE — ACh <— Pseudo ChE 


increased due to 
inhibition of 
© hydrolysis © 


Anticholinesterases 
(Physostigmine, neostigmine, pyridostigmine, edrophonium) 


Physostigmine (Eserine) 





It is an alkaloid obtained from Physostigma venenosum. It is y amine and has good 
penetration through tissues. Its actions are similar v ther cholinergic agents. 
Uses 


1. Glaucoma: Physostigmine reduces by Producing miosis, thus facilitates 
the drainage of aqueous humo ic use, it accelerates cataract for- 
mation; hence, it is rarely use : 

2. Atropine poisoning: Intr ysostigmine is used for severe atropine 

and other antimuscafinic isoning because it has both central and pe- 


ripheral actions. It co es i erses the effects of atropine poisoning, but 
it should be used cautiously by slow i.v. injection as it may cause bradycardia. 
Neostigmine (Ta ©) 


Neostigmi ic anticholinesterase agent. Its actions are pronounced on 
. NMJ, gastroin tract (GIT) and urinary bladder than on cardiovascular sys- 
tem (CVS) or eyeyOn skeletal muscle, it has both direct and indirect actions. 











Indirect actions 
By inhibiting cholinesterases, neostigmine increases ACh concentration at NMJ. 


Direct actions | 
Because of structural similarity with ACh (i.e. quaternary ammonium compound), 
neostigmine also directly stimulates Ny receptors at NMJ. Thus, it improves 
muscle power in patients with myasthenia gravis. 

Neostigmine does not cross BBB and has no central side effects. Therefore, 
neostigmine is preferred over physostigmine in myasthenia gravis. It is available 
for oral, s.c., i.v. and i.m. administration. 


Pyridostigmine 


All features are same as neostigmine. Pyridostigmine has a longer duration of ac- 
tion and can be given twice daily in sustained release form; hence it is preferred 
Over neostigmine in myasthenia gravis. Even though pyridostigmine is less potent 
than neostigmine, it is better tolerated by myasthenic patients. 


=n Oe p 





Physostigmine Neostigmine "T 
Natural alkaloid obtained from Synthetic 


Physostigma venenosum 


Tertiary amine, has good penetration 
through tissues, hence topically 
effective 


Crosses BBB—produces both central 


Quaternary ammonium compound, 
has poor penetration, hence topically 


not effective 
Does not cross BBB, hence no central 


and peripheral effects effects 

Uses Uses 

* Atropine poisoning e Postoperative urinary retention and 
paralytic i 


e (3laucoma 





Edrophonium 
It is a quaternary ammonium com d. Qn i.v. administration, it has a rapid 
onset but short duration of action ( inutes). 
Uses 
1. Edrophonium is.use the diagnosis of myasthenia gravis. 
2. Itis used to differenti sthenic crisis from cholinergic crisis. 


3. In curare poiso ing. Jraphonium is preferred because of its rapid onset of 
action 


Adverse Effe Qo tm 


verstimulation of both muscarinic and nicotinic receptors— 
ting, salivation, nausea, vomiting, abdominal cramps, bradycardia, 


diarrhoea, tremors and hypotension. 







Therapeutic Uses of Reversible Anticholinesterases 


1. Eye 
(a) Glaucoma. 
(b) To reverse pupillary dilatation after refraction testing. 
(c) Miotics are used alternatively with mydriatics to break adhesions 
between iris and lens. 
2. Myasthenia gravis. 
3. Postoperative urinary retention and paralytic ileus. 
4. Curare poisoning and reversal of non-depolarising neuromuscular 
blockade. 
5. Belladonna poisoning. 
6. Alzheimer's disease. 


1. Glaucoma. The aqueous humour formed by ciliary process is drained mainly 
through trabecular meshwork (Fig. 2.13). 









Anterior 


Trabecular 
chamber 


outflow 


Uveoscleral 
outflow 


f Ciliary body 

Aqueous flow ( ' 
FIGURE 2.13 Aqueous humour raioni its pathway. 
Qu which leads to damage of optic 


is frequently associated with raised IOP. 
Normal IOP varies between/10220 . Management of this disorder is almost 
always directed at lowerin (S sting IOP either by improving drainage or de- 
creasing the formáti ‘of aqueous humour (Fig. 2.13). 

Acute congest AU a: It is usually precipitated by mydriatics in people 
iri angle and shallow anterior chamber. Acute congestive 
glaucoma is l'emergency. Once the attack is controlled, treatment is surgi- 
cal or laser irid y. 

Chronic simple glaucoma: It is a genetically predisposed condition affecting 
the patency of trabecular meshwork. The IOP rises gradually. Pharmacotherapy is 
the definitive treatment in a majority of cases. 

Drugs for glaucoma (Table 2.5) 

1. Osmotic agents: Mannitol (2096) i.v. infusion (1.5 g/kg body weight) 
and 50% glycerol oral (1.5 g/kg) are used. They draw fluid from the eye 
into the circulation by osmotic effect and reduce IOP in acute congestive 
glaucoma. 

2. Carbonic anhydrase inhibitors: Acetazolamide (oral, i.v.), dorzolamide 
(topical) and brinzolamide (topical) are carbonic anhydrase inhibitors. 
They inhibit carbonic anhydrase enzyme and lower IOP by decreasing 
the formation of aqueous humour. Topical carbonic anhydrase inhibi- 
tors, which have a much lower risk of systemic side effects, are preferred 
over systemic carbonic anhydrase inhibitors in chronic simple glaucoma. 
In acute congestive glaucoma, acetazolamide is administered i.v. and 
orally. 


Lens 


e 


Glaucoma is a progressive opti 
nerve with loss of visual füncti 
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Table 2.5 Drugs used for treating glaucoma 


| Acute congestive (narrow-angle) Chronic simple (wide- angle) 


glaucoma glaucoma 
Osmotic agents B-blockers (topical) 
e Mannitol (20%) i.v. e Timolol (0. 25%) 
¢ Glycerol (50%) oral e Betaxolol (0.25%) 
e Carteolol (1%) 
Carbonic anhydrase inhibitors Prostaglandins l 
e Acetazolamide, i.v., oral e Latanoprost (0.005%), topical 
B-blockers Carbonic anhydrase inhibitors 
¢ Timolol (0.5%), topical e Dorzolamide (296), topical 
e Brinzolamide, topical 


ide, oral 








Miotics a-adrs 


e Pilocarpine (2%), topical (0.1%), topical 


idine (1%), topical 






Prostaglandins 
e Latanoprost (0.005%), topical 


3. B-Adrenergic blockers: ' Qu. ective B-blockers are timolol, betaxo- 

lol, levobunolol, ca d metipranolol. Timolol is widely used 
in glaucoma because! lacks local anaesthetic or partial agonistic 
properties. (ii) I fect pupil size or accommodation. (iii) It has 


longer heey ion. (iv) It is well tolerated. (v) It is less expensive. 







cal\timdlol is safer and highly effective. Betaxolol is a selective 
in glaucoma, but it is less effective than nonselective 

lol is protective to retinal neurons. Levobunolol is long act- 

ckers should be cautiously used in patients with in bronchial 
asthma" and heart failure. 

4. Prostaglandins (PGs): Topical PGs such as latanoprost, travoprost and 
bimatoprost (PGF;, analogues) are the preferred agents for initial therapy 
in open-angle glaucoma because of their longer duration of action, high 
efficacy and low incidence of systemic toxicity. They are also useful in acute 
congestive glaucoma. They reduce IOP probably by facilitating uveoscleral 
outflow. Latanoprost is also available in combination with timolol. They 
usually do not cause systemic side effects but may cause ocular irritation 
and iris pigmentation. 

5. Miotics: Pilocarpine is a tertiary amine and is well absorbed through cor- 
nea. It is used topically in the treatment of open-angle and acute congestive 
glaucoma. It facilitates drainage of aqueous humour and reduces IOP. 

6. a-Adrenergic agonists 
(a) Apraclonidine is used topically as an adjunct in glaucoma. It does not 

cross the BBB, hence has no hypotensive effect like clonidine. 







e Apraclonidine | 


» Brimonidine 05-Agonists —» Reduce formation of aqueous humour => Decrease IOP 


(b) Dipivefrine is a prodrug of adrenaline. It penetrates the cornea and 
with the help of esterases, it gets converted into adrenaline. 


Cornea 


Dipivefrine Adrenaline ————> q,- and Q-receptors 


Decreases aqueous secretion 
(vasoconstrictio ecreased 





Increases uveoscleral 





outflow and 
trabecular Y 
outflow (B) Ç} suon of IO 
© 
2. Myasthenia gravis. Myasthenia gravis is toimmune disorder where anti- 


bodies are produced against Nx: LE. of NMJ resulting in a decrease in the 
number of Ny receptors. increased incidence of myasthenia gravis in 






patients with thymoma. Thyme n induce remission in most of the cases. 
In myasthenia, there is mai uscülar weakness varying in degree at different 
times. Myasthenia gra dgnosed by: 
1. Typical sig ptoms—weakness and easy fatigability. 
Edr t—edrophonium (2-10 mg) given slow i.v. shows dra- 


matic improvement of symptoms in patients with myasthenia gravis but 
muscular dystrophies. 
3. Demonstration of circulating antibodies to Ny receptors. 


Treatment 
Anticholinesterases (neostigmine, pyridostigmine and ambenonium) are effective 


in providing symptomatic relief. They inhibit metabolism of ACh, thus prolong- 
ing its action at the receptors. Neostigmine also directly activates the Nm recep- 
tors. Pyridostigmine is commonly used. | 

Long-term use or overdose of anticholinesterases leads to cholinergic crisis 
(severe muscular weakness and neuromuscular paralysis due to prolonged depo- 
larization). This may be differentiated from myasthenic crisis (severe weakness 
due to exacerbation of myasthenia) by injecting a small dose of edrophonium 
(2 mg, iv.). If the patient shows improvement in muscle power — myaesthenic 
crisis. If the muscular weakness deteriorates — cholinergic crisis. 

Ventilator should be kept ready before injecting edrophonium as it may aggra- 
vate cholinergic crisis, which is dangerous. 





T Tone of the detrusor muscle 


T Tone 


t peristalsis 3 Relaxes trigone and sphincter 
[helps in voiding of urine] 


FIGURE 2.14 Effects of neostigmine on smooth muscles of gut and urinary tract. 


Corüicosteroids and other immunosuppressants li 
phosphamide are useful in the induction and mainte 
pheresis and immune therapy may be useful in resi 
Note: Drugs that aggravate myasthenia (drugs 
nia) are aminoglycoside antibiotics, d-tuboc 
blockers, B-blockers, ether, phenytoin, etc. 
3. Postoperative Urinary Retentionand Paralytic Ileus (Fig. 2.14), Neostig- 


mine is used because it increases t f the smooth muscle and relaxes the 
sphincters. 


4. Curare Poisoning and Re 








loprine or Cyclo. 
remission. Plasma. 


© contraindicated in myasthe. 
C) and other neuromuscular 







-Depolarizing Neuromuscular Blockade 
eostigmine is used. They antagonize neuromus- 


to*block the muscarinic side effects. 
see p. 75). Physostigmine is preferred because it re- 
verses both peripheral effects of atropine poisoning. 
6. Alz ase. It is a degenerative disease of the cerebral cortex. Done- 
ine and rivastigmine are cerebroselective anticholinesterases. They 


increase cerebral levels of ACh and have shown to produce some benefit in these 
patients. 






Irreversible Anticholinesterases 
Organophosphorus Insecticides 


All organophosphorus (OP) compounds except echothiophate have no therapeu- 
tic applications. Echothiophate is rarely used in resistant cases of glaucoma. Or- 
ganophosphorus compounds have only toxicological importance. 

Organophosphorus poisoning is one of the most common poisoning all over 
the world. Common organophosphorus compounds are parathion, malathion, 
dyflos, etc. They irreversibly inhibit cholinesterases and cause accumulation of 
ACh at muscarinic and nicotinic sites. 


Signs and Symptoms 


; A ee ze 

1. Muscarinic effects: Profuse sweating, salivation, lacrimation, increased tr 
: ; ie i 

cheobronchial secretions, bronchospasm, vomiting, abdominal Cis 
miosis, bradycardia, hypotension, involuntary urination and defecation. 


2. Nicotinic effects: Twitchings, fasciculations, 
due to prolonged depolarization. 

3. Central effects: Headache, restlessness, confusion, 
death are usually due to respiratory failure. 


Diagnosis. Organophosphorus poisoning can be diagnosed by: 
" History of exposure. 


= Characteristic signs and symptoms. 
= Estimating the cholinesterase activity in blood, which is decreased. 
Treatment. General measures 
1. Remove the contaminated clothes; wash skin with soap and water. 
. Gastric lavage should be continued till the returning fluid is clear. 
. Airway should be maintained. 
. Artificial respiration is given, if necessary. 
. Diazepam should be used cautiously by slow ive 
convulsions. 


muscle weakness and paralysis is 


convulsions, coma and 


MB Wh 






to control 


poisoning. Inject atropine 2 mg iv. stat should be repeated every 


Specific Measures C 
l. Atropine: Atropine is the first drug to m in organophosphorus 
5-10 minutes doubling the dose, if re ull the patient is fully atropin- 





Atropine 
(antagonist) 


Neuromuscular transmission can be improved by giving cholinesterase re- 
activators such as pralidoxime, obidoxime, etc. Pralidoxime is administered 
i.v. slowly in a dose of 1-2 g. 


Deoh, OP compounds 
SD, 


À 
| LO, Yon | 
wi t i ser eene 


Anionic site Esteratic site 







As shown above, OP compounds inactivate cholinesterases by phosphorylating 
esteratic site of the enzyme. Oximes bind with high affinity to anionic site, 
Phosphorylate the enzyme, and reactivate it. Early administration p € i 
necessary before the phosphorylated enzyme undergoes 'aging' (loses 
groups) and becomes resistant to reactivation. 





Oximes are not effective in carbamate poisoning; they also have mild anti-ChE activity 


Delayed toxicity of organophosphates: Prolonged exposure to organophosphorus 
compounds can cause neurotoxicity. 


ANTICHOLINERGIC AGENTS (CHOLINERGIC RECEPTOR 
BLOCKERS) | 


Anticholinergic agents block the actions of cholinergic drugs: Various anticholin. 
ergic agents are shown below: 


Anticholinergic agents 


Antimuscarinic agents 





Ganglion blocker Neuromuscular blockers 
(Ny blockers) (Ny blockers) 


e 
ANTIMUSCARINIC NDS OLINERGIC AGENTS) 
ceptór 


mediated actions of acetylcholine on heart, 
glands. Atropine and scopolamine are bella- 
ned from Atropa belladonna and scopolamine 


These drugs block muscarini 
CNS, smooth muscle 
donna alkaloids. Atro 






from Hyoscyamus niger. 
Mechanism action, Rot natural and synthetic drugs competitively block the 
muscarinic e h - competitive antagonism. 


lc oline Muscarinic Atropine and scopolamine 
receptors (Antagonists) 


Classification of Antimuscarinic Agents 


1. Natural alkaloids (Belladonna alkaloids): Atropine, scopolamine (hyoscine). 
2. Semisynthetic and synthetic antimuscarinic agents: 
(a) Atropine derivatives used as mydriatic—homatropine, cyclopentolate, 
tropicamide. 
(b) Atropine derivatives used in chronic obstructive pulmonary disease (COPD) 
and bronchial asthma—ipratropium bromide, tiotropium bromide. 
(c) Atropine derivatives used in peptic ulcer—pirenzepine, telenzepine, 
clidinium, propantheline. 
(d) Atropine derivatives used as antispasmodic—dicyclomine, valetha- 
mate, flavoxate, oxybutynin, tolterodine, darifenacin. 
(e) Atropine derivative used as preanaesthetic agent—glycopyrrolate. — 
(f) Atropine derivatives used in parkinsonism—benzhexol (trihexypheni- 


dyl), benztropine, biperiden, procyclidine. 





Atropine 


Atropine is the prototype drug and the chief alkaloid of belladonna. It is a tertiary 
amine. 


Pharmacological Actions of Atropine (Fig. 2.15) 


1. CNS: In therapeutic doses, atropine has mild CNS stimulant effect. It pro- 
duces antiparkinsonian effect by reducing cholinergic overactivity in basal 
ganglia. It suppresses vestibular disturbances and produces antimotion 
sickness effect. Large doses can produce excitement, restlessness, agitation, 
hallucinations, medullary paralysis, coma and death. 

2. CVS: At low doses, atropine causes initial bradycardia due to blockade of 
presynaptic muscarinic autoreceptors (Mi) on vagal nerve endings. In 
therapeutic doses, tachycardia is seen due to blockade of ceptors of the 
heart; it also improves A-V conduction. In high doses Mlushifig of the face 
and hypotension may occur due to cutaneous vasodifatati 
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Controls tremor and exocrine glands 


rigidity of parkinsonism 
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(urinary retention) 
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<> 
e Passive mydriasis 
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e Loss of light reflex 


Relaxes bronchial 
smooth muscle, but 
dries up all secretions 


FIGURE 2.15 Actions of atropine. UT, Urinary tract; RS, Respiratory system. 


3. Glands: All secretions under cholinergic influence are reduced due to 
blockade of M, receptors, i.e. sweat, salivary, nasal, throat, bronchial, gas. 
tric, lacrimal, etc. Milk and bile secretions are not affected. The skin anq 
mucous membranes become dry. 


4. Eye: Effects of atropine on eye are depicted below (also see Table 2.6): 


Atropine 
Paralysis of constrictor pupillae Paralysis of ciliary muscle leading to loss of 
(Blockade of M; receptors) accommodation (Blockade of M; receptors) 


Passive mydriasis legia 







5. Smooth muscles: 

(a) GIT: Atropine decreases tone and motilityyof the gut, but increases 

sphincter tone and may cause c iac n. It also relaxes the smooth 
muscle of the gall bladder. | | 


(b) Urinary bladder: Atropine rel he detrusor muscle of the blad- 


der, but increases the t f the trigone and sphincter - may cause 
urinary retention, espe elderly men with enlarged prostate. 
(c) Bronchi: Atropine onchial smooth muscle. It also reduces 


secretion and i clearance resulting in mucus plug that may 


C 
block the a 


of atropine and phenylephrine/ephedrine on eye 








Phenylephrine/Ephedrine 


icholinergic agent - 1. It is a sympathomimetic agent - 
caus ssive mydriasis. causes active mydriasis due to 
contraction of radial muscle fibres 
of the iris. 
2. There is loss of accommodation 2. It does not cause cycloplegia. 


(it is cycloplegic), photophobia 
and blurring of vision. Cycloplegia 
is due to paralysis of ciliary mus- 
cle; the lens becomes flat and 
vision is fixed for distant objects. 


3. There is loss of light reflex. 3. There is no loss of light reflex. 

4. IOP may rise and acute conges- 4. IOP is reduced due to a decrease 
tive glaucoma may be precipi- in the formation of aqueous 
tated in person with shallow ante- humour. 


rior chamber. It causes mydriasis 
and relaxation of ciliary muscle 
which occlude the canal of Sch- 
lemm, resulting in obstruction to 
the flow of aqueous humour. 


po eKeem a a FST 


pharmacokinetics. Atropine, scopolamine and most of the synthetic tertiary amines 
are well absorbed from the conjunctiva and GI tract; are widely distributed all over the 
body; cross BBB; partly metabolized in liver and partly excreted unchanged in urine. 
Atropine Substitutes: These drugs are used for a selective or relatively selective 
action on a particular organ and to avoid undesirable effects. 


1. For eye (as mydriatic) 

(a) Homatropine 
- Semisynthetic atropine derivative 
- Less potent than atropine 
- Duration of action (mydriasis and cycloplegia) is 1-3 days 

(b) Cyclopentolate and tropicamide 
- Synthetic atropine derivatives with rapid onset (tropicamide is the 

fastest acting) and shorter duration of action thar pine. 

- Action of cyclopentolate lasts for 24 hours; trópi 


est acting and action lasts for 6 hours. 
2. Antispasmodics O 


(a) Dicyclomine 
- Tertiary amine. 


- Has antispasmodic and antiemétic properties. 

- Useful in dysmenorrhoea an inal colic. 
(b) Valethamate 

- Tertiary amine 










at M; and M; receptors in urinary bladder and 


ctive action - useful for relief of spasm after urologic 





(d) Tolterodine 
- More selective for urinary bladder than salivary glands, hence dry- 
ness of mouth is less. 
- Used to decrease frequency and urgency in detrusor overactivity. 
(e) Flavoxate 
- Similar to oxybutynin. 
- Used to relieve urgency and frequency due to cystitis, prostatitis or 
urethritis. 
(f) Darifenacin 
- Has selective action on urinary bladder (M3) - useful for relief of 
spasm after urologic surgeries. 
- [s longer acting than oxybutynin. 
(g) Drotaverine 
- Not an anticholinergic agent. 
- Inhibits phosphodiesterase enzyme. 
- Used as antispasmodic for relief of uterine spasm, intestinal and 
renal colic. 


. Ipratropium bromide and tiotropium bromide 

a Synthetic atropine derivatives administered by inhalation route. 

= Have a selective action on bronchial smooth muscle ~ bronchodilatatio, 
(mainly in the larger airways). 

s Do not affect mucociliary clearance. 

» Tiotropium (24 h) is longer acting than ipratropium (6 h). 

" Dryness of mouth is the main side effect of these agents. 

. Pirenzepine 

= Has selective action on gastric acid secretion (M) - useful in peptic 
ulcer. 

* Anticholinergic side effects - dryness of mouth, constipation, tachycar. 
dia and urinary retention are rare. 

. Benzhexol and benztropine 


= They are centrally acting anticholinergic age sed in parkinsonism, 
. Glycopyrrolate 
s Quaternary ammonium compound - ce sidé effects are rare. 


= Used for preanaesthetic medication. 


Propantheline 
2 Useful in peptic ulcer and as an (nispasmodic 
= Rarely used at present. 


. Clidinium . 
= Quaternary compou 
= Has antisecretory n" odic properties 
= Useful in pepti T irritable bowel syndrome 


Therapeutic Uses of i d its Substitutes 










tic)and cycloplegic — for refraction testing. Atropine, homatro- 

opentolate or tropicamide are used topically. The action of at- 

e/lasts for 7-10 days. Tropicamide is the preferred mydriatic as it 

s a short duration of action. In children, atropine is preferred because 

its greater efficacy. 

= As mydriatic - for fundoscopic examination, short acting agent is 
used. 

= In iridocyclitis — atropinic mydriatics are used alternatively with miotics 
to break or prevent adhesions between iris and lens. 


2. As preanaesthetic medication: Atropine or glycopyrrolate is used. They are 


used prior to the administration of general anaesthetics: 

= To prevent vagal bradycardia during anaesthesia. 

* To prevent laryngospasm by decreasing respiratory secretions. 
Glycopyrrolate is a quaternary ammonium compound and has only 
peripheral anticholinergic effects. 


3. Sialorrhoea: Synthetic derivatives (glycopyrrolate) are used to decrease € 


cessive salivary secretion, e.g. in heavy metal poisoning and parkinsonism. 


4. COPD and bronchial asthma: Ipratropium bromide and tiotropium 


bromide are used in COPD and bronchial asthma. They are administere 








by metered dose inhaler or nebulizer. They produce bronchodilatation 
without affecting mucociliary clearance; hence are preferred over atropine. 

5. Anticholinergics are useful as antispasmodic in dysmenorrhoea, intestinal 

and renal colic. 

6. Urinary disorders: Oxybutynin and flavoxate have more prominent effect 
on bladder smooth muscle, hence are used to relieve spasm after urologic 
surgery. Tolterodine has selective action on bladder smooth muscle (M3); 
hence, is used to relieve urinary incontinence. 

. Poisoning: 

* [n organophosphorus poisoning, atropine is the life-saving drug 
(see p. 69). 

= In some types of mushroom poisoning (Inocybe species) atropine is the 
drug of choice (see p. 61). 

= Atropine is used in curare poisoning with neostig 
muscarinic effects of neostigmine. 


8. As vagolytic: Atropine is used to treat sinus bradycatdia ánd partial heart 
block due to increased vagal activity. It impr ee by vago- 
lytic effect. 

9. Parkinsonism: Centrally acting anti dcs such as benzhexol 
(trihexyphenidyl), benztropine, bip , Procydidine, etc. are the pre- 


ferred agents for prevention andrea f drug-induced parkinsonism. 
They are also useful in ope 


~ 















nism, but less effective than 
andsrigidity of parkinsonism. 

onseThe adverse effects of atropine are due to 
P ns. 

1. GIT: Dryness of mọ throat, difficulty in swallowing, constipation, etc. 
2. Eye: Photo obig// eadache, blurring of vision; in elderly persons with 
difiber, they may precipitate acute congestive glaucoma. 
gics are contraindicated in glaucoma. 

3. Urinary tract: Difficulty in micturition and urinary retention especially in 












elderly menmwvith enlarged prostate. So, they are contraindicated in these 
patients. 

4. CNS: Large doses produce restlessness, excitement, delirium and halluci- 
nations. 


_ CVS: Tachycardia, palpitation and hypotension. 

6. Acute belladonna poisoning: It is more common in children. The present- 
ing features include fever, dry and flushed skin, photophobia, blurring of 
vision, difficulty in micturition, restlessness, excitement, confusion, disori- 
entation and hallucinations. 

Severe poisoning may cause respiratory depression, cardiovascular collapse, 
convulsions, coma and death. 

Treatment of belladonna poisoning (Atropine poisoning): It is mainly symptomatic. 
1. Hospitalization. 

2. Gastric lavage in case of ingested poisoning. 

3. Tepid sponging to control hyperpyrexia. 

4. Diazepam to control convulsions. 


Ul 





5. The antidote for severe atropine poisoning is physostigmine (1-4 mg 


It is injected intravenously slowly. It is a tertiary amine - Counteracy, 
both peripheral as well as central effects of atropine poisoning. Hence 


physostigmine is preferred over neostigmine. 


Scopolamine 

Scopolamine (hyoscine), another belladonna alkaloid, produces all the actions of 
atropine. In therapeutic doses, it produces prominent CNS depression with Seda. 
tion and amnesia. Scopolamine has shorter duration of action than atropine, It 
has more prominent actions on eye and secretory glands. By blocking cholinergic 


activity, scopolamine suppresses vestibular disturbances and prevents motion 


sickness (Fig. 2.16). It is the drug of choice for motion sickness - can be admin. 
ive for prevention of mo. 


istered orally or as a transdermal patch. It is more effec 

tion sickness, hence should be given (0.2 mg oral) alf an hour before 
journey. The patch is placed behind the ear over id process. The patch 
should be applied at least 4-5 hours befor ey, and its effect lasts 
72 hours. Scopolamine causes sedation an f mouth. 









Vomiting 
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FIGURE 2.16 Sites of CN D e in motion sickness. M, Muscarinic receptor; H, Histamine 
receptor. 


Drug Inte C, Anticholinergics. H;-blockers, tricyclic antidepressants 
azines, etc. have atropine-like action, hence may potentiate 


Atropirle alters absorption of some drugs by delaying gastric emptying—the 
bioavailability of levodopa is reduced, whereas the absorption of tetracyclines and 
digoxin is enhanced due to increased Gl transit time. 


Ganglion Blockers 


They act at Nw receptors of the autonomic ganglia (block both parasympathetic 
and sympathetic ganglia) and produce widespread complex effects (Fig. 2.17). 

The ganglion blockers have ‘atropine-like’ action on heart (palpitation and 
tachycardia), eye (mydriasis and cycloplegia), GIT (dryness of mouth and con- 
stipation), bladder (urinary retention), impotence in males and decreased 
sweat secretion. Blockade of sympathetic ganglia results in marked postural 
hypotension. 

No selective ganglion blockers are available till now. Hence, they are rarely used 
in therapy. 

Nicotine is obtained from tobacco leaves. It has initial stimulating, later a pro 
longed blocking effect on the autonomic ganglia. Tobacco smoking and chewing 
is a serious risk factor for oral, lung, heart and other diseases. Nicotine is of 2° 
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FIGURE 2.17 Site of action of ganglion blocker (GB). 





value in clinical practice except in the form of transdermal 
gum for the treatment of tobacco addiction. 

Bupropion: It inhibits NE and DA reuptake and is use ng cessation. 
Varenicline: It is a partial agonist at nicotinic a craving and 
withdrawal symptoms during smoking cessation. 

Trimethaphan is a short-acting ganglion nas 
sion. At present, the only use of trimethaph 
sion during neurosurgery. 


tchyand chewing 


ust be given by i.v. infu- 
is to, produce controlled hypoten- 


SKELETAL MUSCLE RELA 


Skeletal muscle relaxants de 


D muscle tone by peripheral or central 
action. 


Physiology of Skeletal ontraction 


Motor "T impulse 
Release of prias 
Binds with u receptors at NMJ 


Depolarization and development of end-plate potential (EPP) 
at motor end plate (Mainly due to influx of Na*) 


Muscle-action potential (MAP) — 
Contraction of skeletal muscle 


ACh is rapidly inactivated by cholinesterase 
leading to repolarization 


Muscle is ready for a fresh nerve impulse 


Classification 


Skeletal muscle relaxants 


Centrally acting Peripherally acting 
* Diazepam and other 
benzodiazepines 
* Methocarbamol 
* Chlorzoxazone 
* Tizanidine 
e Baclofen Drugs acting at Directly acting on 
e Gabapentin NMJ skeletal muscle 
* Thiocolchicoside * Dantrolene 








Depolarizing blockers Nondepolarising blo Others 
* Succinylcholine (competitive bl * Botulinum toxin 4 
* Decamethonium e d-TC 

* Pancuroni . 

* Doxacuri ong acting 

* Pipecuroni 






oc 
a 


ium : s 
I Intermediate acting 

tracurium 
Rocuronium 
Cisatracurium 
Q) e Mivacurium Short acting 


keletal Muscle Relaxants 






ntrally acting skeletal muscle relaxants are available in combination 
with one ór' other NSAIDs. AII of them cause certain degree of sedation. They act 
by depressing polysynaptic pathways in spinal and supraspinal sites. They are used 
to reduce spasm associated with cerebral palsy, trauma, sprain, tetanus, multiple 
sclerosis, etc. (see Table 2.7, p. 79 for characteristics of these drugs). 


Neuromuscular Blockers 


Neuromuscular blockers include non-depolarizing (competitive) and depolariz- 
ing blockers. 


Depolarizing Blockers: Succinylcholine (Suxamethonium) 


Succinylcholine is a quaternary ammonium compound. The structure resem- 
bles two molecules of ACh linked together. It acts as a partial agonist at Nu 
receptors, hence causes initial fasciculations and later flaccid paralysis due to 
prolonged depolarization (phase I block). With continued exposure to the 
drug, the membrane becomes desensitized which leads to phase II block, 
which resembles the non-depolarizing block and is partially reversed by anti- 
cholinesterases. 


ECL LL Ci King o Mone ena m DNPERI T8 E 


EE p ORE ER RR pute 
. Table2.7 Characteristics of centrally acting skeletal muscle 


relaxants 

Drug Route Uses Side effects 

"Baclofen: GABAg — * Oral e Spinal cord lesions Drowsiness, dry 

agonist * Multiple sclerosis mouth, diarrhoea, 
* Amyotrophic lateral confusion, ataxia, 

Sclerosis vomiting 

Diazepam and * Oral * Tetanus and other Sedation, 

other benzodiaze- e Parenteral conditions associated drowsiness 

pines: GABA, with muscle spasm 

agonists 












tTizanidine: * Oral * Multiple sclerosis 
central a2-agonist * Spinal cord injury or 
disease isorientation, 


ataxia, headache 














Chlorzoxazone, * Oral * Acute muscle spasm 
methocarbamol: due to trau 
act on spinal 
interneurons 


Drowsiness 








Riluzole: inhibits * Oral 
glutamate release 








lateral Diarrhoea 







Thiocolchicoside Diarrhoea, drowsi- 


asm due to trauma ness, rashes 











e spinal cord — depress polysynaptic reflexes. 


*Block release of excitatory tran e 

Succinylcholine i Cn, by pseudocholinesterase, hence has a very 
i -8 min). Transient apnoea is usually seen at the peak of 
its action. In people with liver disease or atypical pseudocholinesterase due to genetic 
defect, the metabolism of succinylcholine becomes slow which results in severe neu- 
romuscular blockade leading to respiratory paralysis with prolonged apnoea. This is 
referred to as ‘succinylcholine apnoea’. There is no antidote available, therefore: 


2 Fresh frozen plasma should be infused. 

2? Anaesthesia should be continued until recovery from neuromuscular 
blockade. 

" Patient should be ventilated artificially until full recovery. 


Adverse Effects 


1. Muscle pain is due to initial fasciculations (muscle soreness). 

2. Increased IOP due to contraction of external ocular muscles and it lasts for 
few minutes. 

. Aspiration of gastric contents may occur due to increased intragastric pressure. 

. Hyperkalaemia—fasciculations release K* into the blood. 

. Sinus bradycardia is due to vagal stimulation. 

Succinylcholine apnoea (prolonged apnoea). 


DA Ue Wo 








7. Malignant hyperthermia especially when used with halothane in geneti. 
cally susceptible individuals. This is treated with intravenous dantrolene 


1 


rapid cooling, inhalation of 100% oxygen and control of acidosis. 


Competitive Blockers (Non-depolarizing Blockers; Table 2.8) 


Claude Bernard showed experimentally the site of action of curare. Curare is a miy. 
ture of alkaloids and was used as an arrow poison. Among them, d-Tubocurarine 
(d-TC) is the most important alkaloid which has Ny blocking activity. d-TC is the 
prototype drug of competitive blockers. 


Table 2.8 Features of non-depolarizing (competitive) blockers 


Non-depolarizing blockers 


1. d-TC: An alkaloid obtained from 
Chondrodendron tomentosum 
e Prototype competitive blocker 
* |t causes flaccid paralysis 
e Causes histamine release, 
ganglionic blockade 





e Has longer duration of acti 
2. Pancuronium 


e Synthetic agent 
e Produces competiti 


e Minimal/no hi elease 
e Hasv ction, hence 
ia 


e Minimal histamine release 
e Has long duration of action 
e Mainly excreted in urine 
4. Pipecuronium 
e Has long duration of action 
e May cause bradycardia and 
hypotension 
5. Vecuronium 
e One of the commonly used 
neuromuscular blocker 
« Has intermediate duration of 
action 
e Minimal/no tendency to release 
histamine or cause cardiovascular 
effects 
e Does not cross the placental 
barrier 










6. Atracuri 
e Has i termediate duration of 
on 


e |)ndergoes spontaneous 
degradation in plasma (Hofmann 
degradation) in addition to 
destruction by cholinesterases 

e Causes histamine release 

e Safe in patients with hepatic and 
renal dysfunction 

7. Cisatracurium 

e Has intermediate duration of 
action 

e More potent than atracurium 

e Does not cause histamine 
release 

e Undergoes spontaneous 
degradation in plasma (Hofmann 
degradation) 

8. Rocuronium 

e Has intermediate duration of 
action 

e Minimal/no tendency to release 
histamine 

* Has a rapid onset of action 

9. Mivacurium 

* Has short duration of action 
(15-20 min) 

* Rapidly inactivated by plasma 
cholinesterases 

* Does not require reversal 

* Causes histamine release 

* Duration of action is prolonged 
in patients with pseudocholines- 
terase deficiency 


Mechanism of Action. Acetylcholine is the agonist, whereas d-TC is the antagonist at 
N,, receptors. Curariform drugs competitively antagonize the actions of ACh at the Ny, 
eceptors of the NMJ. Anticholinesterases (neostigmine or edrophonium) are used to 
:everse the effects of competitive blockers by increasing the concentration of ACh. 


Nm 
receptors 
(NMJ) 










ACh 
(agonist) 


d-TC 
(antagonist) 


4—— — 


Actions. Competitive blockers produce flaccid paralysis. The order of muscles af- 
fected is extrinsic eye muscles-neck (muscles of phonation and swallowing)-face- 
hands-feet-limbs-trunk and finally, the respiratory muscles (intercostal muscles 
and diaphragm). But recovery occurs in reverse order - the respiratory muscles are 
the first to recover. Consciousness and appreciation of pain are 







s d-TC, mivacurium and atracurium cause histami which can 
manifest as hypotension, bronchospasm, etc. 

8 Pancuronium, vecuronium, doxacurium and r have minimal/no 
tendency to cause histamine release. ( ) 

= Vecuronium, doxacurium and rocuronium have Minimal tendency to cause 
cardiovascular effects like hypotensio iovascular collapse, etc. These ef- 


fects are prominent with d-TC, paneur tracurium and mivacurium. 
= Among competitive neuromus a Bak rocuronium has a rapid onset 
of action, hence can be use endotracheal intubation. 


= Comparative features oftd- h are shown in Table 2.9. 


(Qd. features of d-TC and succinylcholine 


Succinylcholine 
. Synthetic 







Table 2.9 









1. Natural alkalo 


2. Non-depolarizing blocker 2. Depolarizing blocker 

3. Long acting (60 min) 3. Rapidly metabolized by pseudocho- 
linesterase, hence short acting 
(3-8 min) 

4. Causes flaccid paralysis 4. Initially causes fasciculations and 


later flaccid paralysis ` 
5. Causes histamine release (+++) 5. Causes histamine release (+ +) 


6. Neostigmine reverses the block 6. Phase Il block, which resembles 
non-depolarizing block is partially 
reversed by neostigmine 





7. Uses: As adjuvant to general 7. Succinylcholine is preferred for short 
anaesthesia (see text) procedures, e.g. diagnostic endos- 
copies, endotracheal intubation, 
orthopaedic manipulations, etc. 





8. Adverse effects (see text) 8. Adverse effects (see text) 





Pharmacokinetics. Neuromuscular blockers are quaternary ammonium cop 
pounds. They are highly ionized, hence poorly absorbed from GI tract. They are 
administered intravenously, They are mainly confined to ECF space; do not Cross 
placental and blood-brain barrier. They are metabolized in liver and some are 
excreted unchanged in urine. 

Adverse Effects. The adverse effects of non-depolarizing drugs are hypotension 
respiratory paralysis, bronchospasm and aspiration of gastric contents, 


Drug Interactions of Skeletal Muscle Relaxants 
1. Non-depolarizing blockers X antibiotics 
Aminoglycosides inhibit the release of ACh from motor nerve and potenti. 
ate the effect of non-depolarizing blockers; hence require dose reduction in 
patients treated with aminoglycosides. Tetracyclines and clindamycin also 
potentiate the effect of non-depolarizing block 
Thiazides/loop diuretics X non-depolarizing b! 


Hypokalaemia caused by thiazides/loop C : 







to 


ay potentiate the effeq 


of non-depolarizing blockers. 

3. Succinylcholine X thiopentone 1n 
These drugs are chemically incompa in vitro; pharmaceutical interac. 
tion) hence result in precipitatioh when mixed in the same syringe. 

4. General anaesthetics X non- ing blockers 
Ether has curarimimetic effe Skeletal muscle; hence enhances the effect 
of non-depolarizing blockérs; Fluótinated anaesthetics (isoflurane, desflu- 
rane and sevoflurané) also produce similar effect but to a lesser extent. 






Factors Affecting Ac Neüromuscular Blockers 


abolic acidosis and respiratory acidosis increase the dura- 






N 


jd: It potentiates neuromuscular block by delaying the metabo- 

elimination of these drugs. 

nia gravis: Myasthenic patients are highly sensitive to competitive 
neuromuscular blockers. 

4. Aminoglycoside antibiotics: They potentiate the effect of both com- 
petitive and non-depolarizing blockers by inhibiting presynaptic release 
of ACh. 

5. Inhalational anaesthetics: Anaesthetics like ether, halothane, isoflurane, 
etc. increase the effects of neuromuscular blocking agents. 


Uses 


1. The main use of neuromuscular blockers is as adjuvant to general anaes- 
thetics for producing satisfactory skeletal muscle relaxation during surgical 
procedures. Succinylcholine is preferred for short procedures, e.g. diagnos- 
tic endoscopies, endotracheal intubation, orthopaedic manipulations, etc. 

2. Succinylcholine/mivacurium is used during electroconvulsive therapy 
(ECT) to prevent trauma due to convulsions. 

3. Tetanus and status epilepticus when not controlled by other drugs. 


4, Competitive neuromuscular blockers can be used for ventilatory support in 
critically ill patients. 


Reversal of Neuromuscular Blockade. Edrophonium or neostigmine by increas- 
ing the concentration of ACh reverses the effect of d-TC and other competitive 
blockers at NMJ. Use of prior atropine administration is necessary to block the 
muscarinic effects of anticholinesterases (Fig. 2.18). Mivacurium (short acting), 
atracurium (intermediate acting), etc. do not require reversal. 


Prior administration 
m € of atropine blocks 
muscarinic effects 


Anticholinesterases (neostigmine/edrophonium) —» 1^ Ach of anti-ChE 


blocks 
Reverses™ Ny <— 


blockade (NMI) 


FIGURE 2.18 Reversal of neuromuscular blockade. ACh: Mq 


Ny: Nicotinic receptors; M: Muscarinic receptor. 


It is administered intravenously for rapid réversal of neuromuscular blocking ac- 
tion of rocuronium and vecuronium. capstilates the drugs, thus preventing 








scular junction; 


Sugamadex 








their action. 

Directly Acting Skeletal Müscle t: Dantrolene 

Dantrolene is a directly acti al.müscle relaxant. It inhibits depolarization- 
induced Ca?* release (b ryanodine receptors) from sarcoplasmic reticu- 


eletal muscle relaxation. Intravenous dantrolene is the life- 
saving drug in malighant hyperthermia. It is used orally to reduce spasm in 
rebral palsy, spinal injuries, etc. The side effects are drowsi- 
izziness, headache, fatigue and rarely hepatotoxicity. 









ness, diarrhoea, 


Botulinum Toxin A 


It inhibits proteins necessary for the release of ACh into synaptic cleft. It is injected 
locally into the spastic muscles. 


‘ADRENERGIC AGONISTS (SYMPATHOMIMETIC AGENTS) 


Adrenergic agonists mimic the actions of sympathetic stimulation. 


Adrenergic Transmission 


The transmitter in the sympathetic system is noradrenaline (NA; norepinephrine). 
Nerves that synthesize, store and release NA are called adrenergic (sympathetic) 
nerves. 

Synthesis of catecholamines begins with the amino acid tyrosine, which is trans- 
ported into the adrenergic neuron by active transport. In the neuronal cytosol, 
tyrosine is converted to DOPA by tyrosine hydroxylase and DOPA to dopamine (DA) 
by dopa decarboxylase. DA enters the storage vesicles of the nerve terminal 


NA by the enzyme dopamine 


by active transport, where it is converted to : 
the storage vesicles); the Na 


B-hydroxylase (this enzyme is present only in i 
formed gets stored in the vesicles. In the adrenal medulla, NA ET COn. 
verted to adrenaline by N-methyltransferase. Small quantities p NA are re. 
leased continuously into the synaptic cleft and large quantities Curing nerve 


stimulation (Fig. 2.19). ; i 
Three processes are involved in the termination of action of telegned AAO’ the 


synaptic cleft (fate of released NA in the synaptic cleft): I 
1. Most of the released NA is taken back into the adrenergic nerve terminals 


(neuronal reuptake), which is either stored in the EN e by 
mitochondrial monoamine oxidase (MAO) in the ri donc cunas reup- 
take is the most important mechanism through whi on of 


action of NA takes place in the synaptic cleft. 
2. Small amount of NA from the synaptic cle 


and gets inactivate 


and MAO. i 
3. Small quantity of NA is —X9 





s into circulation 


transferase (COMT) 





her tissues (extraneuronal 


uptake). 





Tyrosin 


Neuronal 
reuptake 


Extraneuronal 
| uptake 


FIGURE 2.19 Synthesis and release of NA from the adrenergic neuron and various drugs affecting the 
pathway (Table 2.10). MAO, Monoamine oxidase; COMT, Catechol-O-methyltransferase; TCAs, Tricyclic 


antidepressants. 


Wg 


| 


4 
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i Table 2.10 Drugs affecting adrenergic transmission and their uses - ! 


DAE P 
Response/ 
Drug Action Therapeutic uses 
Metyrosine Inhibits tyrosine Blocks synthesis of NA - 
(a-Methyltyrosine) hydroxylase enzyme useful in the treatment of 
selected cases of pheo- 
chromocytoma 
a-Methyldopa Replacement of NA Decreases central sym- 
by false transmitter pathetic outflow; a-Methyl 
(o-Methyl-NA: central o; NA is an Qp-agonist, used 
*agonist) in hypertension especially 








Reserpine 


Blocks vesicular uptake 
and storage of NA 












Cocaine, tricyclic 
antidepressants (TCAs) 


Inhibit neuronal 
of NA (upt 






Accumulation of NA at 
receptors 





Sympathomimetic effects 











Tyramine, ephedrine, re Tyramine, amphetamine 
amphetamine adrenergic nerve (indirectly acting) and 
ephedrine (mixed acting) 
sympathomimetics 















Block the effects of neu- 


For uses: see pp 102-103; 
rotransmitter at receptors 


106-107 


As antidepressants 





Tranylcypromine, Potentiate tyramine 
pargyline (nonselective action 
MAO inhibitors) 


Selegiline (selective Inhibits degradation of Increases DA level in 
MAO-B inhibitor) DA in the brain the brain, adjunct in 

parkinsonism 
Entacapone (peripheral Inhibits degradation of Adjunct in parkinsonism 
COMT inhibitor) DA 


Tolcapone (peripheral and Inhibits degradation of Adjunct in parkinsonism 
central COMT inhibitor) DA 


Metabolism of Catecholamines 


Vanillyl mandelic acid (VMA) is the main metabolite of catecholamines excreted 
in urine. Normal value of VMA is 4-8 mg per 24 hours urine. Its levels are raised 
in pheochromocytoma, a tumour of adrenal medulla and sympathetic ganglia. 
Estimation of the levels of catecholamines and their metabolites in blood and 





urine is of great value in the diagnosis of pheochromocytoma. CT (com 
tomography) and MRI (magnetic resonance imaging) scans are the im Puteq 
diagnostic aids. Portan 


e Vanillyl mandelic acid (VMA) 
e Metanephrine 
e Normetanephrine 


Adrenaline COMT and MAO 
rr 
Noradrenaline 


Types, Distribution and Functions of Adrenergic Receptors 


Ahlquist divided the adrenergic receptors into a and B types, which are located o 

the cell membrane. All adrenergic receptors are G-protein coupled receptors de 
regulate the production of intracellular second mes ; increase in IP;/DAc 
(04), T cAMP (a2) and Y cAMP (B). They are further divided'into various subtypes 


which are as follows: Q 
Q 4 


Oy 
[L UM Be b. 
: Bs 
OS tic 
Ous a 


Distribution of va rgic receptors is indicated in Fig. 2.20. 
1. Effect of activation of &;-receptors 
ssels: constriction. 
r (anal): increase in tone. 
sphincter: increase in tone. 
ial muscle (iris): contraction (mydriasis). 
of activation of presynaptic a -receptors 
ediate negative feedback control on NA secretion (i.e. stimulation of 
o;,- receptors decreases the release of NA from sympathetic nerve endings). 
3. Effect of activation of postsynaptic vascular a -receptors 
= Mediate stimulatory effects: vasoconstriction, and venoconstriction. 
4. Effect of activation of a,-receptors on various secretions 
2 Beta cells of islets of Langerhans in pancreas: decrease in insulin 
secretion. 
= Ciliary epithelium: reduction of aqueous humour secretion. 
» Sympathetic nerve endings: decrease in NA release. 
5. Effect of activation of B;-receptors 
» Heart: cardiac stimulation. 
= Kidney: promote renin release. 
6. Stimulatory effects due to activation of B2-receptors 
# Liver: Stimulation of glycogenolysis. 
s Skeletal muscle: contraction. 
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Detrusor muscle 


E w/ a B, 
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a, Anal sphincter 


ypatete + 
a PT Uptake of K 
into cells 


Radial muscle of Glycogen —~» cose 5 
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Adipose tissue outflow 
bea anie 


FIGURE 2.20 various adrenergic receptors. VMC, Vasomotor centre; BV, Blood vessel. 





® Ciliary epithelium: increase in secretion of aqueous humour. 
= Uptake of K* into cells. 
7. Inhibitory effects due to activation of B,-receptors 
2 Bronchial, uterine (pregnant), vascular, bladder smooth muscles: 
relaxation. 
* In GI smooth muscle, activation of both a and f receptors causes 
relaxation. 
8. Effect of activation of B3-receptors 
= Adipose tissue: lipolysis. 


Adrenergic Drugs (Sympathomimetics) 


The sympathomimetic drugs mimic effects of sympathetic stimulation (Fig. 2.21). 
They are also referred to as adrenergic agonists. 











» ympathetic overactivity (Fight-Fright—Flight)—1: Anger, 
iasis); 3: Increased muscle tone, tremors, 4: Palpitation, in- 


alert, aggressive; 2: Pupillary 
the skeletal muscles; 5: Flushing of the face; 6: Tachy- 


creased cardiac output-increas 
pnoea, bronchodilatation; 7: L 


Classifi f Sympathomimetics 


1. On asis of their chemical structure 
(a) Catecholamines: Sympathomimetics with catechol nucleus are called 
catecholamines, e.g. adrenaline, noradrenaline, dopamine, isoprena- 
line and dobutamine. 


| | 
HO C—C—NC 
HO 


Catechol nucleus 


(b) Non-catecholamines: Sympathomimetics that lack catechol] nucleus are 
called non-catecholamines, e.g. tyramine, ephedrine, amphetamine, 
phenylephrine, salbutamol, etc. 


;' 2. On the basis of their mechanism of action (Table 2.11): 
a) Direct acting: They act directly by stimulating adrenergic receptors. 


(b) Indirect acting: They act by releasing noradrenaline from adrenergic 
nerve endings. 


(c) Mixed acting: These drugs act both directly and indirectly. 


Table 241 Summary of sympathomimetic agents 






Adrenergic agonists Receptor action Therapeutic uses 
1. Directly acting 
* Adrenaline 047, 02-, Bi-, B»- and Anaphylaetic shock, 
Bs-agonist Bronchi a (acute 
sev ac arrest, 


o pro uration 
giles anaesthesia, to 
ontrol Epistaxis and 
(Cie capillary oozing 
ABCDE) 


Hypotensive states 












* Noradrenaline 





* |soprenaline Heart block, cardiac arrest 


* Dobutamine Relative &cti Cardiogenic shock due 
à to acute myocardial in- 
farction (MI), congestive 
cardiac failure (CCF) or 
cardiac surgery 













e Salbutamol (A 
* Terbutali 

* Salmetero 
* Formoterol 


elective B;-agonists Bronchial asthma, to 
suppress premature 
labour (as uterine 


relaxant) 

















* Ritodrine Selective p;-agonists Uterine relaxants 
e Isoxsuprine with main action on 
uterus 

e Phenylephrine Selective o,-agonists Vasopressor agents, na- 

* Methoxamine sal decongestants, as 
mydriatic (phenylephrine), 
allergic or vasomotor 
rhinitis 

* Naphazoline o4 t oz-agonists Nasal decongestants 

* Oxymetazoline (o stimulation); structural 

* Xylometazoline damage can occur due 


to intense vasoconstric- 
tion (az stimulation) 





e Clonidine, az-agonists , Hypertension 
a-Methyldopa 





Continued 


gents—cont'd 


/ Table241 Summary of sympathomimetic a dd 


Receptor action Therapeutic uses 

















Adrenergic agonists 

* Apraclonidine o?-agonists Glaucoma (topical) 

« Brimonidine 

2. Indirectly acting 

e Amphetamine They act by releasing NA Narcolepsy, attention- 

e Methamphetamine in the periphery; NA, DA deficit hyperkinetic 

e Methylphenidate and 5-hydroxytryptamine disorder (ADHD) 
(5-HT) centrally 

3. Mixed acting 

e Ephedrine o4, 05, B1 and Bo (direct venous ephedrine 
action) + releases NA is uSed for the treatment 


(indirect action) potension due to 


o4, M2, By and Dy Cardiogenic shock, CCF 


e Dopamine geni 
/ releases NA with oliguria 


* releases Hypotensive states 





« Mephentermine o4 agoni 






; e apeutic use: 

raise ; fressure in shock: Dopamine, noradrenaline, ephedrine, 
ephfine, methoxamine, mephentermine. 

odilator: Salbutamol, terbutaline, bambuterol, salmeterol, 







(a) 


cardiac stimulant: Adrenaline, isoprenaline, dobutamine. 

CNS. stimulant: Modafinil, amphetamine, dextroamphetamine, 
methamphetamine. 

(e) For local vasoconstrictor effect: Adrenaline. 

(f) As nasal decongestant: Phenylephrine, xylometazoline, pseudoephe- 


drine, oxymetazoline, naphazoline. 
(g) As anorexiant: Dextroamphetamine, mazindol, phentermine, sibu- 


tramine. 
(h) As uterine relaxant: Isoxsuprine, terbutaline, salbutamol, ritodrine. 


(i) As mydriatic: Ephedrine, phenylephrine. 


Direct Acting Sympathomimetics 


Adrenaline (Epinephrine): a1, a2, B1, B2 and B3-Agonist 
It is a catecholamine, which is secreted mainly by adrenal medulla. Adrenaline is 
a direct acting, nonselective adrenergic agonist. 


Pharmacological Actlons. Adrenaline acts on a-, oz, B,-, B;- and f,-receptors. 
1. Cardiovascular system 
(a) Heart: Adrenaline is a powerful cardiac stimulant. It acts mainly by 
iue with B;-receptors and produces various effects. They are as 
ollows: 


e Increase in heart rate - ^ rate of spontaneous depolarization in SA 
node (positive chronotropic effect). 
Increase in myocardial contractility (positive inotropic effect). 


Increase in conduction velocity (positive dromotropic effect). 
Increase in cardiac output. 


Increase in automaticity. 


Cardiac work and its oxygen requirement is markedly increased. 
Increase in the excitability and tendency to cause c arrhythmias. 
Blood vessels and BP: Blood vessels of the ski ucous mem- 


branes (o,-receptors) are constricted by adrenaline. It also constricts 
renal, mesenteric, pulmonary and spland Vessels, but dilates the 
blood vessels of skeletal muscle and corónary-vessels (82). Intravenous 
administration of adrenaline in moddqt dos produces biphasic ef- 
fect. There is an initial rise in BP due to o, (blood vessels) and f 
(heart) actions, followed by a BP due to B;-mediated vasodilata- 
tion in skeletal muscle. in of adrenaline after a-blocker 
produces only a fall in BP*( ion). This is referred to as vasomotor 
reversal (Fig. 2.22). 
2. Respiratory system: pidly relaxes (B2) bronchial smooth mus- 


cle. It is a potent br ut has a short duration of action. It inhib- 
its the release ofinflz tory mediators from mast cells (;). It also reduces 
x 
h 







(b 


— 







mucosal congestion by vasoconstrictor effect (a). 
ooth muscle of the gut (a2 and Q;). It reduces the in- 






4. Bladder; laxes the detrusor muscle (82) and contracts the sphincter 
(ai). As dresult, it may cause difficulty in urination. 


04, p 


B2 Bo 


Adr a-blocker Adr 
FIGURE 2.22 Biphasic effect of adrenaline (Adr) on BP and Dale's vasomotor reversal. 


CNS: In therapeutic doses, adrenaline does not Cross E d hence, CN 
effects are minimal. But in high doses, it may cause headache, restlessnes, 


and tremor. 
6. Eye: Adrenaline has poor pe 
cally into the eye. Hence, it is 
7. Metabolic effects: 
= Adrenaline increases blood glucose level by: iisa , 
(i) Stimulating hepatic glycogenolysis (B2), which is the predominant 
effect. , 
(ii) Reducing insulin secretion through a acuon. 
(iii) Decreasing uptake of glucose by peripheral tissues. " 
© It increases blood lactic acid level by stimulating glycogenolysis in ske]. 
etal muscles. 


8. Other effects 
" Adrenaline 


fatigue. 
» ti 
a It reduces plasma K* levels by proméiniy ake of K* into cells, par. 


ticularly into the skeletal muscle E 
al administration because of 


Pharmacokinetics. Adrenaline is not suitable for or 
its rapid inactivation in the GI mucos@and liver. Adrenaline can be given subcu. 


taneously. In anaphylactic shock, ab ior] tion of s.c. adrenaline is poor; hence, it is 
given intramuscularly. In cardia iCisgiven intravenously. It does not cross 
: I 


the BBB; is rapidly metabolize and MAO, and the metabolites are 
lons. The adverse effects of adrenaline are an 


excreted in urine. 
Adverse Effects and Contra 
extension of its pha whol Actions. They are tachycardia, palpitation, head- 
ache, restlessaess, (yemors and rise in BP. The serious side effects are cerebral 
haemorrhage ac arrhythmias. In high concentration, adrenaline may 
to shift of blood from systemic to pulmonary 


cause aetite pulmonary oedema due 
circulatio náline is contraindicated in most of the cardiovascular diseases 


such as hypertension, angina, cardiac arrhythmias, CCF, etc. In patients on 
B-blockers, it may cause hypertensive crisis and cerebral haemorrhage due to 


unopposed action on vascular a,-receptors. 


A 


gh cornea when applied top; 


netration throu 
drug (see p. 67). 


administered as a prO 


facilitates neuromuscular tral ion"and also postpones 








st 





L6 7 
C 4 

















Therapeutic Uses of Adrenaline (ABCDE) 
|. Anaphylactic shock: Adrenaline is the life-saving drug in anaphylactic 
shock. Adrenaline 0.3-0.5 mL of 1:1000 solution (1 mg/mL) is adminis- 
tered intramuscularly. It rapidly reverses the manifestations of severe aller- 
gic reactions. The beneficial effect of adrenaline in anaphylactic shock is 
shown in p. 93. 
>. Bronchial asthma: Adrenaline is a powerful bronchodilator and has rapid 
onset but short duration of action. It is useful for acute severe asthma. The 
beneficial effects of adrenaline in bronchial asthma are shown in Fig. 4 23. 
ala a E mL of 1:1000 solution is given subcutaneously. It ca” 
ven . . * . 1 
: g y nebu ization (as inhalation). Its use has declined because of its 
angerous cardiac stimulant effect. 
3. Cardiac resuscitation: i j 
d on: In the treatment of cardiac arrest due to drowning 
rocution, adrenaline is injected intr i 
avenously in 1:10000 (0.1 mg/m 


Adrenaline produces the following effects: 


¢ B,-mediated cardiac stimulation (T heart rate and 
T force of contraction) + 


0.,-mediated vasoconstriction > 
T peripheral resistance. These actions help to TBP. 
¢ ,-mediated vasoconstriction 3 
| mucosal oedema (laryngeal oedema). 
e B, stimulation — bronchodilation 
Y release of mediators from mast cells. 
e It is physiological antagonist of histamine. 


Effect of adrenaline in anaphylactic shock. 


concentration along with other supportive m as external car- 
diac massage. . 

4. Prolongs the Duration of local iaa renaline (1:1,00,000) 
with lignocaine. Adrenaline, by its vasoco ctor effect (a;) delays ab- 


sorption of the local anaesthetic e prolongs the duration of local an- 
aesthesia. 


5. Controls Epistaxis and other f g: Adrenaline is used as a local 
haemostatic to control bl owing tooth extraction and during sur- 


8 
gical procedures in Mose, arynx, etc. because of its vasoconstrictor 
effect. 
6. Glaucoma: Adrenali poor penetration when applied locally into the 
ini 


eye; hence jt is red as a prodrug, dipivefrine (p. 67). 









Adrenaline 
E Lo Causes 
Inhibits‘the release of 
inflammatory Bronchodilatation (B,) 
mediators from mast x 


ee Vasoconstriction (o) 
cells (histamine, LTs, 


bradykinin, PGF, „ PAP) | 


Y 
Decreases secretions 


| 


Y 
Relieves mucosal 
oedema and congestion 


FIGURE 2.23 Effects of adrenaline in bronchial asthma. LTs, Leukotrienes; PGF»,, Prostaglandin F;,; 
PAF, Platelet activating factor. 


Noradrenaline: o-, ;?- and B;-Agonist 


Noradrenaline is a catecholamine. It is the neurotransmitter in adrenergic sys- 
tem. It acts on o,-, o;- and B,-adrenergic receptors; has negligible B; action. The 
main action of NA is on cardiovascular system. It has a direct cardiac stimulant 


effect (B;), constricts all the blood vessels (a,) including those of the skin 

cous membrane, renal, mesenteric, pulmonary, skeletal muscle, etc. The mu 
diastolic and pulse pressure is increased. There is reflex bradycardia. Nora dc 
line, like adrenaline, is not effective orally. It is not suitable for s.c., i.m. or dis 
i.v. injection because of necrosis and sloughing of the tissues at the site Of injec 
tion. It is administered by i.v. infusion. It can be used to raise BP in hypotensiy, 
states but it may decrease blood flow to vital organs by causing widespread va 


soconstriction. 


Isoprenaline (Isoproterenol): B1-B2 and Bs-Agonist 

It is a synthetic, nonselective B-receptor agonist with a catechol nucleus. It has 
potent B actions but no action at a-receptors. Isoprenaline is a powerful cardiac 
stimulant. It has positive inotropic, chronotropic and otropic effects. It di. 


lates renal, mesenteric and skeletal muscle blood vesse olic BP is minimally 
duced. It relaxes bron 


changed but the diastolic and mean arterial pressure t f 
chial and GI smooth muscles. Isoprenaline is nc ective orally because of exten. 
ally or as an aerosol. It is me. 


sive first-pass metabolism. It can be given pare | 
tabolized by COMT. Isoprenaline is used to incréase the heart rate in heart block. 
In bronchial asthma, isoprenaline h en geplaced by selective B;-agonists. Side 


effects are tachycardia, palpitation, iac.arrhythmias, etc. due to its powerful 
cardiac stimulant effect. 






i s-Agonist 

amine, structurally resembles dopamine. It 
acts on Bı- Bz- a btors. It is a potent inotropic agent but causes only 
slight increa$ein Ve Total peripheral resistance is not significantly affected. 
This is becaüse»vasóconstriction (o,-mediated) is balanced by vasodilatation 
It if'administered by i.v. infusion in patients with acute heart fail- 
cts are tachycardia (at high doses) rise in BP and tolerance, which 


d by intermittent therapy. 






Dobutamine: Relativ 
Dobutamine, a synt 








Salbutamol, Terbutaline, Salmeterol, Formoterol: Selective B2-Adrenergic 


Agonists 

The main adverse effects of non-selective B-agonist, isoprenaline, is on the heart. 
It can cause tachycardia, palpitation, cardiac arrhythmias and may even precipitate 
angina or MI. Use of isoprenaline is almost obsolete for the treatment of asthma. 
Selective §-agonists are the main drugs used in bronchial asthma, e.g. salbuta- 
mol, terbutaline, salmeterol, formoterol, etc. 

Pharmacological Actions. Pharmacological actions of selective B-agonists af 
depicted in Fig. 2.24. They cause bronchodilatation, relaxation of pregnant uterus, 
dilatation of blood vessels supplying the skeletal muscles, promote hepatic glyco 
genolysis and uptake of K* into cells. 


Therapeutic Uses 
1. Bronchial asthma: Selective B,-agonists are usually administered by ae! 
sol. They produce prompt bronchodilatation (salbutamol, terbutaline 4? 
formoterol) with minimal systemic side effects. 


B, Pregnant uterus Skeletal muscle Cell 
Lu 
5 ti^ o a 
B 
Bronchodilatation Relaxation Tremor 


Promote uptake of Glycogen ^ , Glucose 
K* into cells (Glycogenolysis) 


FIGURE 2.24 Pharmacological actions of selective B2-adrenergic agonists, 


2. Premature labour: On oral or parenteral administration, salbutamol and 
terbutaline relax pregnant uterus by interacting with B-receptors, hence are 
used to delay premature labour. 

3. Hyperkalaemia: Selective 8,-agonists are useful in tkalaemia as they 
promote the uptake of K* into cells, especially int letal muscles. 


Isoxsuprine 


It relaxes smooth muscles of uterus and blood vessel;by acting on B;-receptors. 
It can be used in dysmenorrhoea, threatened a 


and to delay premature 





Adverse Effects of Select ve Bs Agon 


tation of B;-receptors of skeletal muscle. Tolerance 
on continued administration. 


lpitation are due to stimulation of ,-receptors of heart 





4. Hypokalaemia is due to shift of K* into cells. 
Phenylephrine, Methoxamine, Mephentermine: Selective a,-Adrenergic Agonists 


* Phenylephrine 


; Directly acting œ} agonists 
e Methoxamine r 6 0138 





* Mephentermine - Directly acting 0 agonist + releases NA (indirect action) 


| 


Cause vasoconstriction 


| 


Increase peripheral 
vascular resistance (PVR) 


Increase in BP 


rdiac stimulant effect. They are à 


Like ephedrine, mephentermine also has ca 
states. Phenylephrine is also Used 


parenterally to raise the BP in hypotensive 
topically as a mydriatic and as a nasal decongestant. 


Nasal Decongestants 


The commonly used a-agonists as n 
etazoline, and xylometazoline (topica 
rine (oral and topical). They are used in a 


etc. These drugs stimulate a-receptors ane Ce 
mucous membrane, thus relieve nasal congestion. On prolonged use, they Cause 


rebound congestion (after congestion). Atrophic rhinitis, anosmia and local irrių. 
tion are the other adverse effects seen with topical decongestants. If systemically 


absorbed, these drugs may aggravate hypertension. 
Pseudoephedrine and phenylephrine are the cor 
tions. They are usually combine 


These drugs cause less rebound phenomenon, stemic side effects like hyper. 
tension and CNS stimulation are common, ould not be combined with 
MAO inhibitors because of risk of hypertensive s, which could be fatal. Phen. 
ylpropanolamine was used as a nasal ehe is It has been banned because 
of increased incidence of stroke. e 


asal decongestants are naphazoline, g 
ly; pseudoephedrine (oral) and phenyl 
llergic rhinitis, common cold, Sinusitis 
d cause vasoconstriction in the nas] 






Selective a2-Adrenergic Agoni 


They include clonidine, thyldopa (see p. 89) and tizanidine (see p. 79, 
Table 2.7). 

Apraclonidine an o , selective o;-agonists, are used topically in 
glaucoma (see p. 
Indirect Ac thomimetic Agents 






Amphetamine is an indirectly acting sympathomimetic agent and has a potent 
t effect. It occurs in two isomers. The d-isomer has more potent CNS 


effects and l-isomer on CVS. 


Pharmacological Actions 


In therapeutic doses- CNS e On chronic use - 
insomnia aler j j 

omnia alertness, stiminlant fatigue, depression, 
euphoria, increased and impairs performante 


motor and physical 
e Suppresses appetite, 


activity, tremor, 
restlessness, confusion, Amphetamine (toler aree develops 
on chronic use) 


headache, etc. 


Cardiac stimulant — 
tachycardia, palpitation, 
rise in BP and cardiac 
arrhythmias 


Adverse Effects. They are due to the extension of its pharmacological actions, 
They are restlessness, insomnia, confusion, fatigue, tremor, hallucinations and 


suicidal tendencies. The cardiac side effects are tachycardia, palpitation, hyperten- 
sion, angina and cardiac arrhythmias, 


Treatment of acute intoxication 


1. Acidification of urine with ascorbic acid (vitamin C) promotes the excre- 
tion of amphetamine, which is a basic drug. 


Sedatives are effective to control CNS symptoms and sodium nitroprusside 
for hypertension. 


2. 


Uses 


. Narcolepsy: It is a sleep disorder characterized by recurrent episodes of 


uncontrollable desire for sleep. Amphetamine impr lepsy by its 
CNS stimulant effect. 


2. As an anorexiant: Amphetamine-like drugs cet 







weight by sup- 


pressing hypothalamic feeding centre. Tolera his effect develops 


rapidly. 

3. Attention-deficit hyperkinetic disorder: 
and controls the activity in childrenwith 
adverse effects are loss of appetite and i 
amphetamine and atomoxetin@a(se 
tor) are also useful in this di 

Modafinil: It is a CNS sti seful in narcolepsy. 


tamine acts paradoxically 
hyperkinetic disorder. The main 
nia. Methylphenidate, dextro- 
noradrenaline reuptake inhibi- 











Mixed Acting Sympatho 


Ephedrine: a- and B- th NA release 
Ephedrine is a ing adrenergic agonist. It is an alkaloid, acts on a-, a3-, 
Bi-, B2-rec ases NA from sympathetic nerve endings. 


CNS 


stimulant 


Vasoconstrictor (9) Nasal decongestant (a) 


Cardiac stimulant (f) Bronchodilator (f) 


Mydriatic (a) (see p. 72, Table 2.6) 


Urinary retention 


Uses. Intravenous ephedrine is the drug of choice to treat hypotension due to 
spinal anaesthesia as it increases peripheral vascular resistance, heart rate, cardiac 
output and thus BP. It was used in heart block, narcolepsy and more frequently in 
bronchial asthma. Now, it has been replaced by more selective drugs. The side ef- 
fects are insomnia, hypertension, tachycardia, palpitation, difficulty in urination; 
tachyphylaxis occurs on repeated administration. 


Dopamine: ar, oz, B4, and D,-agonist with NA Release 


Dopamine (DA) is a catecholamine and the immediate metabolic precursor 0 
NA. It acts on dopaminergic D1 receptors as well as Bı- and a-adrenergic recep. 
tors. DA, like adrenaline and noradrenaline, is not effective orally. DA is Tapidly 
inactivated by COMT and MAO is administered by i.v. infusion. 
Pharmacological Actions. At low doses («2 mcg/kg/ minute), it selectively 
dilates renal, mesenteric and coronary blood vessels by acting on D, receptors 
resulting in an increase in GFR and urine output. — 

At moderate doses (2-5 mcg/kg/minute), dopamine stimulates ;-receptor, 
of heart, increases myocardial contractility and cardiac output, but tachycardia 
is less prominent. It also stimulates dopaminergic receptors resulting in increase 
in GFR. 

At high doses (7-10 mcg/kg/minute), it stimulates vascü 
tors and causes generalized vasoconstriction. This incréase 
blood flow to renal, mesenteric and other vital org 
seen with low-to-moderate dose of DA is lost at 
Precautions and Adverse Effects. Durin p e infusion, the dose, Bp 
heart rate, ECG and urine output should be etl monitored. The adverse 
effects seen are mainly due to sympathetic st lation. They are nausea, vomit- 
ing, headache, hypertension, tachyc , cdtdiac arrhythmias and angina. 


Therapeutic Uses 
1. Cardiogenic and septi€shack: Dopamine can be used because it increases 


BP as well as dilates renal, mesenteric, coronary blood vessels 


and improves b ital organs. 
2. Severe hea renal impairment: Dopamine improves both 


a-adrenergic recep. 
*rload and reduces 
the beneficial effec 














D; agonist. administered as i.v. infusion in hypertensive emergencies. 
— D; agonist — Peripheral vasodilatation — v BP 
Its side effects are headache, flushing, reflex tachycardia and rise in intraocular 


tension. 


Anorectics (Anorexiants) 
Amphetamine-like drugs promote weight loss by acting on hypothalamic feeding 
centre. 


scs Enhance Inhibit 
Mazindol Inhibit "mer s fooi 5 s 
azindol | reuptake oradrenergic ypothalamic uppres 
* Phentermine transmission feeding appetite 
of NA ; : 
in the brain centre 


Inhibits NA and Suppresses appetite and 


Sibutramine ——> . 
3 5-HT reuptake enhances satiety 


e Orlistat —> Inhibits pancreatic. ——» Interferes with absorption ——» Promotes weight loss 
lipase of dietary fat 


Other anti-obesity agents are leptin and rimonabant. 
The main adverse effects of these agents are addiction liability, rise in BP, pal- 
pitation, sleep disturbances, depression and dry mouth. 


ADRENERGIC RECEPTOR BLOCKERS 


Adrenergic receptor antagonists block the effects of sympathetic stimulation and 
adrenergic agonists mediated through a and f receptors. 


Adrenergic receptor antagonists 


Q.-Blockers D-Blocker 


ALPHA ADRENERGIC BLOCKERS c9 


Pharmacological Effects of a-Blockers 


They block a-receptors, thus inhibiting th 
pathetic stimulation and adrenergic ists: 


ig. 2.25, p. 100) 


tor-mediated responses of sym- 






Classification 







pha blockers 





Nonsele Selective Selective 
0,-blockers Q,-blocker 
e Prazosin * Yohimbine 
e Terazosin 


si e Doxazosin 
Reversible Irreversible e Tamsulosin 


* Phentolamine — « Phenoxybenzamine «Alessi 
« Tolazoline 


Irreversible Nonselective a-Blocker 


Phenoxybenzamine 


Phenoxybenzamine is a nonselective a-adrenergic blocker that blocks both 
ay- and a;-receptors. It binds covalently to a-receptors and causes irreversible 
blockade. It also inhibits the reuptake of NA into the adrenergic nerve endings. It 
also blocks histamine (H;), cholinergic and serotonin receptors at higher doses. 


Noradrenaline 0, 0 Phenoxybenzamine 
(agonist) receptors (antagonist) 


Noncompetitive antagonism 





GIT 


Eye 
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(Impaired ejaculation and c the'fesistance to 
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Tachycardia, resistance . 
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FIGURE 2.25 Effect of -blockade at various sites. GIT, Gastrointestinal tract; BPH, Benign prostatic hyperpla- 
sia; NA, Noradrenaline. Other effects: Blockade of alpha receptors in nasal blood vessels results in nasal stuffiness. 


Pharmacological Effects 


1. Peripheral vascular resistance is reduced due to blockade of vascular 
os-receptors; has predominant venodilating effect. 

2. Increased release of NA from the adrenergic nerve endings due to blockade 
of presynaptic a-receptors. This may cause cardiac stimulation and p'o- 
duce tachycardia, palpitation, cardiac arrhythmias, etc. 


oe ating on tenon Nero Sat chapren 2 A01 


Phenoxybenzamine is given orally or through slow i.v. infusion. It has a slow 
onset but long duration of action because of irreversible blockade of a-receptors. 
Its main use is in the treatment of pheochromocytoma. The side effects are pos- 
tural hypotension (mainly due to venodilatation), tachycardia, palpitation, diar- 
rhoea, nasal stuffiness, giddiness and impotence, 


Reversible Nonselective a-Blockers 
Phentolamine 


Phentolamine is an imidazoline derivative. It competitively blocks the effects of 
NA at both a)- and a-adrenergic receptors (competitive antagonism). Venodilata- 
tion is more than arteriolar dilation. It can also block 5-HT receptors, K* channels; 
causes histamine release from mast cells. 


Noradrenaline Ol), Oy Phentolami 
(agonist) receptors (antag onist) 


Competitive antagon 





Oo 
Phentolamine is given intravenou rapid onset but short duration 
of action. 
Adverse Effects. They include cafdia, palpitation, arrhythmias; angina and 
MI may be precipitated. 
Tolazoline 


Tolazoline is sintilar tesphentolamine and is rarely used. 







Prazosin is a and selective a-adrenergic receptor blocker. It is given orally. 
from GI tract but undergoes extensive first-pass metabolism. 
The effects of a-blockade are depicted in the Fig. 2.25. Unlike nonselective 
a-blockers, selective a,-blockers produce minimal or no tachycardia. It causes 
both arteriolar and venodilatation; arteriolar dilatation is more prominent. 
Adverse Effects. First-dose phenomenon (mechanism): Within 30-90 minutes of 
oral administration of first dose of prazosin, postural hypotension and syncopal 
attacks may be seen. Therefore, the initial dose should be small (1 mg). It is usu- 
ally given at bed time so that the patient remains in bed for several hours and the 
tisk of syncopal attack is reduced. 

It may cause nasal stuffiness, tachycardia, impaired ejaculation and impotence. 


Other Selective a,-Blockers 


" Terazosin is similar to prazosin, but less potent than prazosin. It is almost 
completely absorbed after oral administration and has a longer duration of 
action. 

= Doxazosin is the longest acting selective «,-blocker. The haemodynamic ef- 
fects, bioavailability and extent of metabolism are similar to prazosin. 


Therapeutic Uses of a-Blockers 


E 


f o,-receptors (ara Op aNd ap), | 
tatic hyperplasia (BPH). 
blocker (o4). At low doses, it req 
little effect on BP. It is administered 
blocker for treatment of BPH in normotens; 
de ejaculation. s 


Alfuzosin blocks all subtypes o " 
effective and used in benign pros Orally 
Tamsulosin is an uroselective ci 
resistance to flow of urine with 
and is the preferred o 
tients. It may cause retrogra 


e 
Orally 
Ve pa 


a tumour of adrenal medulla, which re] 
nd NA. The signs and symptoms ind Cases 
sudden and paroxysmal rise in BP with headache, palpitation and cat à 
sweating. The diagnosis of pheochromocytoma is usually made by eg Pi 
ing catecholamines, VMA and other metabolites in blood and urine Mat. 
mal VMA: 4-8 mg per 24 hours urine sample), comp uted tomograph (Nor. 
and magnetic resonance imaging (MRI) sca y (Cr) 

The definitive treatment for pheochro Pis surgery. In the pre 
erative period, phenoxybenzamine is us id to ontrol hypertension a k 
store blood volume. It can also be used'ininoperable cases Gf pheodin Te. 
cytoma. It is a nonselective and irreversible a-blocker. Blockade ofvan 


a -receptors causes vasodilatatión and fall in BP. 
B-Blockers (propranolol) ed to control the cardiac manifestations 


tachycardia and arrhyt o excess catecholamines. B-Blockers 


should not be given aton heéchromocytoma because the blockade of 
ses unopposed a, action which leads to severe rise 


. This may be fatal. Therefore, prior administra 
tion of a-receptor blockef'is a must before giving B-blockers. 
inn Wed as an adjuvant in pheochromocytoma. It inhibits 

lase enzyme and reduces the synthesis of catecholamines 

gery, handling of the tumour results in sudden release of large 
of catecholamines, which may cause marked rise in BP that can be 
led by i.v. phentolamine. It is a nonselective a-blocker with rapid 


Pheochromocytoma: It is 
large amounts of adrenaline a 















onset of action. 


. Hypertensive emergencies: Intravenous phentolamine can be used in the 


following conditions, because of its rapid onset of action: 

s To control hypertensive episodes intraoperatively during surgery of 
pheochromocytoma. 

© To control hypertensive crisis due to clonidine withdrawal. 

» To control hypertensive crisis due to ‘cheese reaction. 

Essential hypertension: Among a-blockers, selective o.,-antagonists ale 

preferred in the treatment of mild-to-moderate hypertension. They cause 

less tachycardia and have favourable effects on lipid profile. 

Benign prostatic hyperplasia: Transurethral resection of the prostate is 

the commonly used method to relieve urinary symptoms of BPH; howeveh 

Wn d is helpful in many patients. Selective a,-blockers are used 

ae a reduce resistance to urinary flow. Prazosin, doxazosin, ter 

i : qe fuzosin are particularly useful in patients who also have hype 

on. Tamsulosin is preferred for BPH in normotensive patients. 





5. Tissue necrosis: Phentolamine is infiltrated locally to prevent tissue necro- 
sis due to extravasation of o-agonists. 


6. Male sexual dysfunction: Local injection of phentolamine with papaverine 
may be used in the treatment of male sexual dysfunction. 
7. Otheruses include congestive cardiac failure and peripheral vascular diseases. 
Selective a.;-Adrenergic Antagonist 
Yohimbine 


Yohimbine is an alkaloid. It competitively blocks o;-receptors. It also has 5-HT 
receptor blocking effect. It is an aphrodisiac, but is rarely used therapeutically. 


BETA ADRENERGIC BLOCKERS = 


Beta adrenergic antagonists block the B-receptor-mediate 





stimulation and adrenergic drugs. 
Classification 


Beta blockers © 











First generation Second generation Third generation 
(Nonselective (Bi-Se ce (B-Blockers with 
f-adrenergic blockers) adren lockers) additional vasodilatory effect) 


e Propranolol 






» Timolol 

» Nadolol isoprolol Nonselecti -Selecti 

e Pindolol * Esmolol iid proe 
e Sotalol e Metoprolol e Labetalol e Betaxolol 
e Levob e Carvedilol e Celiprolol 


e Nebivolol 


tolol, labetalol, celiprolol and carteolol have partial agonistic 
activity (intrinsic sympathomimetic activity). They stimulate B-receptors partially 
in the absence of catecholamines. 

Propranolol, acebutolol, carvedilol, labetalol, metoprolol, pindolol have 
membrane-stabilizing activity (local anaesthetic activity). 
Mechanism of Action. Propranolol is the prototype drug. B-Blockers competi- 
tively block the B-receptor mediated actions of catecholamines and other adren- 
ergic agonists. 


Catecholamines and other Propranolol and other 
adrenergic agonists B-blockers (antagonists) 


Pharmacological Properties of B-Blockers 


1. Cardiovascular system: 
(a) Heart: B-Blockers depress all cardiac properties. 
(i) Decrease heart rate (negative chronotropic effect). 





ase force of myocardial contractility (negative ho, 


(ii) Decre 1 
effect). hi 
iii) Decrease cardiac output. E 
i» Depress SA node and AV nodal eid 
(v) Increase refractory period of vr NU 
(vi) Decrease conduction in atria an n gative arom 


effect). ee . fi . 

(vii) Decrease automaticity of ectopic foci. 

(viii) Decrease cardiac work, thus reduce O; requirement of the 
cardium. Only in high doses, some of them have membrane 
stabilizing effect. "OF o i 

(b) Blood vessels: Blockade of B2-receptors of n vessels initially » 


Pic 








: a 
cause rise in peripheral vascular resistance (BYR) due to unopposed | 
action. However, continued administration e drugs leads toa fal 
in PVR in patients with hypertension due E reduction jn car. 

educe 


They also reduce the release of juxtaglomerular apparatu, 
due to blockade of B,-receptors and decrease central sympatheti 


outflow. 
2. Respiratory system: Blocka 8.“eceptors in bronchial smooth musde 


can produce severe bronch in patients with COPD and asthma 
e 


(c 


— 


Therefore, B-blockers voided in patients with asthma anq 
COPD. Selective such as atenolol, metoprolol, etc. are less 
e m. 

nic use, B-blockers may cause skeletal muscle 









ffects: B-Blockers inhibit glycogenolysis and delay recovery from 
caemia. They also mask the warning signs and symptoms of hypo- 
glycaémia. Therefore, B-blockers should be used cautiously in diabetics on 
hypoglycaemic agents. Chronic use of nonselective Q-blockers decreases 
HDL (high-density lipoprotein) cholesterol and LDL (low-density lipopro- 
tein) cholesterol ratio which may increase the risk of coronary artery 
disease. 
5. Eye: B-Blockers on topical administration decrease IOP by reducing the 
secretion of aqueous humour (see p. 66). 
Pharmacokinetics. Propranolol is highly lipid soluble and is well absorbed from 
GI tract. However, the bioavailability of propranolol is low because of its extensive 
first-pass metabolism. It is highly bound to plasma proteins; has large volume of 
distribution; freely crosses BBB, and metabolites are excreted in urine. 
Adverse Effects of B-Blockers. They are mainly an extension of pharmacological 
actions. 
1. CVS: 
* Bradycardia, heart block and may precipitate congestive heart failure in 
patients with low cardiac reserve. 


s Blockade of vascular B;-receptors causes unopposed a, action, reduces 
further blood supply and may worsen peripheral vascular disease. 

= B-Blockers can exacerbate Prinzmetal’s angina (variant angina) due to un- 
opposed a, action, hence are contraindicated (see p. 131) in this condition. 

2. Respiratory system: Blockade of D;-receptors in the bronchial smooth 
muscle can cause severe bronchospasm in patients with asthma and COPD. 
Hence, B-blockers are contraindicated in the above conditions. 

3. CNS: Sleep disturbances, hallucinations, fatigue and mental depression. 

4. Metabolic: Recovery from hypoglycemia (induced by antidiabetic drugs) is 
delayed by beta blockers. B-Blockers may mask the warning signs and 
symptoms of hypoglycaemia. 

5. Muscular weakness and tiredness: These are due to reduced blood flow to 
skeletal muscle. 

6. Withdrawal symptoms: Abrupt withdrawal of B-block 
is dangerous because angina or frank myocardial infa 
den death can occur. This is due to up-regul supersensitivity) of 
B-receptors in response to prolonged A) p 31). 


Drug Interactions 
1. Propranolol X verapamil: They pro 


' and may cause CCF, bradyarrh IE ear 
2. Propranolol X lignocaine: Propr 
W. 


3. Cholestyramine and B-blockers: Cholestyramine and colesti- 
pol are bile acid-bi hey bind to B-blockers in the gut and 


interfere wi orption of B-blockers. 
4. Insulin/Sulfonyhíreas X Q-blockers: Nonselective B-blockers inhibit gly- 














chronic use: Thus, they decrease antihypertensive effect of Q-blockers. 
6. Propranolol X chlorpromazine: Propranolol interferes with the first-pass 
metabolism of chlorpromazine and increases its bioavailability. 


Therapeutic Uses of B-Blockers 


1. Hypertension: B-Blockers are useful for all grades of hypertension. These 
drugs are preferred especially in patients with angina, myocardial infarction 
(MI) or cardiac arrhythmias (see p. 117). 

The advantages of 8-blockers are: 

® Sodium and water retention is rare. 
® Cheaper. 

® Have a long duration of action. 

= Well tolerated. 

2. Angina prophylaxis and Myocardial infarction (MI): B-Blockers reduce 
myocardial O; demand by decreasing heart rate, myocardial contractility and 
arterial pressure. They improve exercise tolerance and reduce frequency of 
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URE 2.26 Interaction between insulin/sulfonylureas and B-blockers. 
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anginal episodes. Use of B-blockers early in acute phase of MI may limit in- 
farct size. Long term use of B-blockers may reduce mortality and reinfarction. 

. Cardiac arrhythmias: B-Blockers are mainly used in atrial arrhythmias 

such as atrial fibrillation, atrial flutter and paroxysmal supraventricular 
tachycardia (PSVT) but rarely for ventricular arrhythmias (see p. 152). 

4, Congestive cardiac failure (see p. 140): Chronic use of B-blockers such 
carvedilol, metoprolol and bisoprolol has shown to reduce mortality rate 
in chronic heart failure. 

5. Pheochromocytoma: B-Blockers are used to control the cardiac mani- 
festations of pheochromocytoma, but should not be given alone (see 
p. 102). 

6. Glaucoma (see p. 66): B-Blockers decrease the IOP by reducing the produc 
tion of aqueous humour. They are useful in the treatment of glaucom 
Timolol, carteolol, levobunolol, betaxolol, etc. are used topically in glau- 
coma. Timolol is the most frequently used B-blocker in glaucoma. Betaxo P 


Wo 


is a selective B,-blocker, hence systemic adverse effects (cardiovascular and 
pulmonary) are rare. 

7. Prophylaxis of migraine: Propranolol and metoprolol are effective in re- 
ducing the frequency of migraine headache. The mechanism is not 
known. 

8. Hyperthyroidism: The signs and symptoms of hyperthyroidism such as 
tachycardia, palpitation, tremor, anxiety, etc. are reduced due to blockade 
of B-receptors. Propranolol inhibits the peripheral conversion of T; to T. 
It is also used in thyroid storm. 


). Essential tremors: Oral propranolol may give some benefit in patients 
with essential tremors. 


10. Acute anxiety states: B-Blockers are useful in controlling the symptoms of 
acute anxiety such as palpitation, tachycardia, tremor, s 

it. Alcohol withdrawal: Propranolol may produce son 
ment of alcohol withdrawal. 


Hypertrophic obstructive cardiomyopathy: Peo 
flow resistance. 


Dissecting aortic aneurysm: f.-Blockers ar&usefhl in the management of 


dissecting aortic aneurysm - they decrease cardiac contractility and the rate 
of development of pressure during ystc le. 


Important features of [-blockers uy 
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e 23.12, p. 108. 








9» [tis admit 


? [ts t; ls aD 
® tha e-stabilizing effect; no intrinsic sympathomimetic activity 
" [tisas B.-blocker and has short duration of action. 


Esmolol is uscifor rapid control of ventricular rate in supraventricular arrhyth- 


mias. It is also useful in hypertensive emergencies. 


Atenolol 
Sce Table 2.13. 


B-blockers with Additional Vasodilatory Action 
Labetalol 


It is a competitive blocker at Bi, Bz- and a-adrenergic receptors. In addition, it 
has partial agonistic activity (ISA) at ;-receptors. It is administered orally or in- 
travenously. It undergoes extensive first-pass metabolism after oral administra- 
tion, hence its bioavailability is poor. Oral labetalol is useful in the treatment of 
essential hypertension and i.v. labetalol for hypertensive emergencies. It is safe for 


use during pregnancy. The important side effects are postural hypotension and 
hepatotoxicity. 





Table 2.12 
Lipid 


B-Blocker ISA MSA 


solubility 


p-Blockers with important features 


Route/s 


Oral, i.v. 


Daily dose (mg) 
20-400 


Propranolol - ++ High 
Oral, topical 10-40 


Timolol - - 


Moderate 


(eye drops) 
Oral 


20-160 


Nadolol - - Low 
Pindolol ++ + Low Oral 10-60 
Oral 25-200 


Atenolol - - Low 


+ 





Acebutolol + 


Esmolol 










Metoprolol - 





Moderate 


Oral, i.v. 











Bisoprolol - - Low 
Labetaol + + Low Á _) „Oral, i.v. 
| d 
Carvedilol - ++ oderat Oral 
: hd Oral 
Celiprolol + - ( ow ra 
KN 
Betaxolol  - AVE derate Oral 
Nebivolol — — ~~ LOW Oral 


Both atenolol 
racemate. 

ISA, In ic Syl 
activity; i 


ipa 
erate activity. 


Table 2.13 


Propranolol 


It is a nonselective B-blocker 





In large doses, it has membrane- 
stabilizing effect (local anaesthetic) 


Atenolol 








200-1000 


0.5 mg/kg Stat. 
0.05-2 mg/kg/ 
min infusion 









2.5-10 
200-1000 
12.5-100 
200-500 
10-40 
2.5-5 


im 
metóprolg have preparation of active enantiomer S (-); require half the dose of their 


imetic activity; MSA, Membrane stabilizing activity; -, No activity; +, Some 


Differences between propranolol and atenolol 


It has no membr 


It is a selective 8,-blocker 


ane-stabilizing effect 








It is highly lipid soluble, freely crosses 
BBB and produces central side effects 


It is poorly lipid soluble, hence central 
side effects are rare 





It has shorter duration of action, but 
propranolol SR formulation has a dura- 


tion of 24 hours 





It is less potent 


It has longer duration of action, given 


once daily 





It is more potent 


ras tn or tonic News sten. GINPERZ 08 E 


carvedilol 

Like labetalol, it also blocks B,-, B2- and a-adrenergic receptors. In addition, 
carvedilol has antioxidant, antiproliferative, membrane-stabilizing and vasodila- 
tory properties; has no intrinsic sympathomimetic activity. It has cardioprotective 


effect; hence long-term use reduces mortality in patients with CHF 
Celiprolol 


[t is a third generation selective B;-blocker has weak vasodilating (due to nitric 
oxide release) and bronchodilating effects (B;-agonism); has no membrane stabi- 
lizing effect. It is effective in the treatment of hypertension and angina. 


Nebivolol 


a Third generation selective B;-blocker. 
Has (NO-mediated) vasodilating activity. 
No membrane stabilizing effect. 

No intrinsic sympathomimetic activity. 


No unfavourable effect on lipid profile. 
It is used for control of hypertension and — cardiac failure. 
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CHAPTER 3 

Drugs Affecting 
Cardiovascular 
Function 


HYPERTENSION 
Hypertension is a common cardiovascular di - ing worldwide population. 
A persistent and sustained high blood prestre has damaging effects on the hear, 
brain, kidneys and eyes. Hypertension could 


n 
e. 
1. Primary or essential hyperte It is the most common type. There i; 
no specific underlying ca 
n 


2. Secondary hypertension: e due to renal, vascular, endocrine 
disorders, etc. 


Blood Pressure 
iori,f blood pressure (BP) readings is shown in Table 3.1 (as per 
i es). 






ic blood pressure (SBP): It is the maximum pressure recorded dur. 

entricular systole. 

= Diastolic blood pressure (DBP): It is the minimum pressure recorded during 
ventricular diastole. 

= Pulse pressure (PP): It is the difference between systolic and diastolic 
blood pressure (PP = SBP - DBP). 

= Mean arterial pressure: DBP + 1/3 PP. 


Table 3.1 Classification of blood pressure for adults 





Category Blood pressure (mmHg) 
Systolic Diastolic 

Normal «120 <80 

Prehypertension 120-139 80-89 

Hypertension 

Stage 1 140-159 90-99 

Stage 2 z160 =100 


UU E i tn 


Memini Pitt irent atti 


(GN TOE ANTIBVEERTENSIU 
CLASSIFICATION OF ANTIHYPERTENSI Ye RUGS ATIE a m ieri: 
1. Angiotensin converting enzyme (ACE) inhibitors: Captopril, enalapril 
lisinopril, perindopril, ramipril, benazepril, fosinopril. 
2. Angiotensin II receptor blockers (ARBs): Losartan, candesartan, irbesar- 
tan, valsartan, telmisartan, olmesartan. 
3. Direct renin inhibitor: Aliskiren. 
4. Calcium channel blockers (CCBs): Diltiazem, verapamil, nifedipine, am- 
lodipine, nicardipine, isradipine, felodipine, nitrendipine. 
5. Diuretics 
(a) Thiazides and related agents: Hydrochlorothiazide, chlorthalidone, 
indapamide. 
(b) Loop diuretics: Furosemide, bumetanide, torsemide. 
(c) Potassium-sparing diuretics: Amiloride, triamte 
eplerenone. 
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(b) B-Adrenergic blockers: Atenolol, metop 
olol, propranolol, timolol. 


(c) B-Adrenergic blockers with ad al &-blocking activity: Labetalol, 
carvedilol. 


smolol, betaxolol, carte- 


6. Sympatholytic agents 
(a) Centrally acting sympatholytics: necp. ldopa. 
ol, 


atomic Aliskiren 


Angiotensinogen 


+ Diuretics ‘ 
- p-Blocker ~ Renn 
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FIGURE 3.4 Sites of action of major groups of antihypertensive drugs. VMC, Vasomotor centre (medulla); 
ACE, Angiotensin converting enzyme; and AT4, Angiotensin receptor. (Adapted from Katzung — Basic and 
Clinical Pharmacology, 12e.) 





(d) o-Adrenergic blochers: 
- Selective: Prazosin, terazosin, doxazosin. 
- Nonselective: Phenoxybenzamine, phentolamine. 
(e) Ganglion blocker: Trimethaphan. 
(f) Neurone blocker: Reserpine. 
7. Vasodilators "tt an 
(a) Arteriolar-dilators: Hydralazine, minoxidil, diazoxide, fenoldopar. 
(b) Primarily venodilator: Nitroglycerin. 
(c) Arteriolar and venodilator: Sodium nitroprusside. 


Angiotensin Converting Enzyme Inhibitors (Fig. 3:2) 


Angiotensin converting enzyme inhibitors (ACE inhibitors) are frequently Used 
first line antihypertensive drugs. 


Mechanism of Action 


Angiotensin converting enzyme inhibitors Q 
1. Inhibit the generation of angjotensi Il es ting in: 
Dilatation of arterioles > {} peripheral vascular resistance (PVR) ~ ( BP 
5 Decrease in aldosterone pre duction — decrease in Na* and H,0 


retention — V BP 
2 Decrease in sympa 





Angiotensin | 


Angiotensin-converting enzyme 


EN 


Angiotensin 1l ACE inhibitors 





e e ® 
M Blood vessel ge e t Sympathetic 
o activity 
Vasoconstriction 
1PVR Na and H20 
retention 
Cardiac 
hypertrophy and 
tBP remodelling 


FIGURE 3.2 Site of action of ACE inhibitors. Effects of angiotensin Il are prevented by ACE inhibitors. 
(Adapted from Katzung — Basic and Clinical Pharmacology, 12e.) 
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. Table 3.2 Pharmacokinetic features of ACE inhibitors 
Drug Captopril Enalapril Lisinopril Perindopril 












Active/ 
Prodrug Active Prodrug Active Prodrug Prodrug 
dl einai pelea hai gaan Ma MEME 
Absorption Well ab- Rapidly ab- Slowly and Poorly Rapidly 
sorbed; food sorbed but incom- absorbed; absorbed 
reduces undergoes pletely food 


absorption, extensive absorbed; does not 
hence given first-pass food does affect its 








1 hour metabolism. not affect ^ absorption 
before food Food its absorp- 

does not tion 

reduce its 













absorption 
Duration of 8-12 h 24h >24 h >24 h 
action 
Route of Kidney Kidney Kidney Kidney Kidney 


excretion 


All these actions contri 
ventricular and va$cul 


Pharmacokinetic nsin converting enzyme inhibitors are usually given 
orally. In mergency, enalaprilat can be given intravenously. Food 
reduces the absorption of captopril, hence, it should be given 1 hour before meals. 
ACE inhibitors poorly cross the blood-brain barrier (BBB), are metabolized in the 
liver and excreted in urine (Table 3.2). 


2. Inhibit degradation of br. nin (potent vasodilator) by ACE. 
3. Stimulate synthesis of Vaso prostaglandins through bradykinin. 
heir antihypertensive effect. They also reverse 


trophy. 






Adverse Effects* and Contraindications 


1. Cough (dry cough) is due to increased bradykinin levels in the lungs. Ap- 
pearance of intractable cough is an indication to stop the drug. It subsides 
following discontinuation of the drug. 

2. Angioedema — swelling in the nose, lips, mouth, throat, larynx and glottis. 
There can be airway obstruction - patient's airway should be protected. If re- 
quired, adrenaline, glucocorticoids and antihistamines should be administered. 

3. Proteinuria can occur rarely .The drug.should be discontinued. 

4. Teratogenic effect (growth retardation, foetal hypotension, renal failure and 
neonatal death)—hence contraindicated in pregnancy. 

5. Hypotension may occur following the first dose of ACE inhibitor - this can 
be marked in patients who are volume depleted or have CHE 

6. NeutroPenia is rare. 

7. Rashes. 


*Mnemonic for adverse effects of ACE inhibitors: ‘CAPTOPRIL. 








Angiotensin converting enzyme inhibitor 
bilateral renal artery stenosis as acute rena 
When renal perfusion pressure is low, angio 
tion rate (GFR) by constriction of e 
zyme inhibitors are also contrai 


. Itching. Discontinuation of the drug is not required. 


. Loss of taste sensation (dysgeusia). | 
. Hyperkalaemia: In patients receiving ACE in 


hibitors, hyperkalae 
may occur in the presence of renal insufficiency or when they ^ 
combined with potassium-sparing diuretics. e 
s are contraindicated in patients wi 
| failure can be precipitated, (Basi 
tensin IJ maintains glomerular flt; 
fferent arteriole). Angiotensin converting e i 
ndicated in patients with single kidney with renal 


artery stenosis as they can precipitate renal failure. 


1. 


Bilateral renal ——> J Efferent arteriolat——>~ | GFR 
artery stenosis pressure 
& | «—— ACRinhibitors: block the 


ation of angiotensin II 
Angiotensif II 





lithium and potentiate its toxicity. 

. ACE inhibitors X NSAIDs: NSAIDs by inhibiting PG synthesis promote 
Na* and water retention on chronic use. Thus, they decrease the antihyper- 
tensive effect of ACE inhibitors. 

. Thiazides X ACE inhibitors: Diuretics increase the antihypertensive effect 
of ACE inhibitors by promoting the loss of Na* and water. Serum potas- 
sium levels are maintained by the combination. 


Therapeutic Uses of ACE Inhibitors 


Hypertension: (Mode of action: see above) ACE inhibitors are used in all grades 
of hypertension. They decrease cardiovascular and cerebrovascular morbidity 
and mortality (fatal and nonfatal myocardial infarction, fatal and nonfatal stroke 
CHF and sudden death). They do not cause electrolyte disturbances, hyperurica® 
mia, alterations in lipid levels and sexual dysfunction. They are preferred in hy 
pertensive patients with diabetes because they delay or prevent progression 9 
renal complications. They are also preferred in hypertensives with coexisting 
CHE left ventricular hypertrophy and peripheral vascular disease. 


2. Acute myocardial infarction (MI): ACE inhibitors should be started within 
24 hours in patients with myocardial infarction (MI). They have shown 
both short-term and long-term improvement in survival and decrease 
in reinfarction. 

3. Congestive heart failure (CHF): ACE inhibitors should be prescribed 
to all patients with impaired left ventricular function (for explanation 
see p. 140). 

4. Diabetic nephropathy: ACE inhibitors and angiotensin II receptor blockers 
(ARBs) are the preferred drugs in diabetic nephropathy in hypertensive as 
well as normotensive patients. 

They decrease systemic blood pressure and dilate renal efferent arteriole 
— | intraglomerular pressure; inhibit angiotensin II-mediated mesangial 
cell growth. They decrease microalbuminuria. 

5. Scleroderma renal crisis: ACE inhibitors prevent th angiotensin 


II in the renal artery; thus, they are effective in the treatment of scleroderma 
renal crisis. Survival rate is increased. 


Angiotensin Receptor Blockers (ARBs Adotar 
Receptor Antagonists © 


They are losartan, irbesartan, candesa an, valsartan and telmisartan. 
The two types of angiotensin II re and AT>. Most of the effects of 
angiotensin II are mediated by ceptors. They are vasoconstriction, aldoste- 


rone secretion and the releas@o naline from sympathetic nerve endings. 
The role of AT; receptors is potty O 


Angiotensin II CO sein receptors (AT) ; ARBs 
(Agonis (Competitive antagonism) (Antagonists) 


Angiotensin receptor blockers competitively inhibit the binding of angiotensin 
II to AT;-receptor subtype and block its effects. Angiotensin receptor blockers pro- 
duce effects similar to those of ACE inhibitors. Angiotensin receptor blockers do 
not affect bradykinin production. 
Adverse Effects. Angiotensin receptor blockers are better tolerated as compared 
to ACE inhibitors. They cause headache, hypotension, weakness, rashes, nausea, 
vomiting and teratogenic effects. They may cause hyperkalaemia in patients with 
renal failure or in patients on K*-sparing diuretics. They are less likely to produce 
cough or angioedema than ACE inhibitors. 
Uses. Angiotensin receptor blockers are used in hypertension, congestive car- 
diac failure (CCF), MI and diabetic nephropathy. The antihypertensive efficacy 
of ARBs is comparable with that of ACE inhibitors. Like ACE inhibitors, ARBs 
prevent/delay the development of renal complications in diabetics. Angioten- 
sin receptor blockers are mainly indicated in patients who develop cough with 
ACE inhibitors. 

In CCF and MI, ARBs are used in patients who are intolerant to ACE inhibitors. 





Direct renin inhibitor: Aliskiren 


Aliskiren 
le 


Renin . . 
Angiotensinogen —_—— Angiotensin I 


es levels of angiotensin I and angiotensin 

It is useful in hypertension in combination with diuretics, uum Or ARR. 
(increased antihypertensive efficacy). It is administere y. Adverse effects ii 
clude diarrhoea, abdominal pain, headache and an 


O 


Diuretics | 
Thiazides and related drugs are widely us drugs for uncomplicated hyperten. 
sion. Chlorothiazide, hydrochlorothiazide an chlorthalidone are the commonly 


used thiazides. 


Thiazide Diuretics Y | 
These are used in ated mild to moderate hypertension and have a 


o 
long duration of acti he Id be administered in a low dose, i.e. 12.5 mg 
of chlorthalidone_o chi@rothiazide. If the antihypertensive response is 


Aliskiren, by inhibiting renin, decreas 








not adeq Rig an be increased up to 25 mg/day. Beyond this dose, 
thiazides o . Potassium-sparing diuretics are usually given with thia- 
zid ct K* loss and increase antihypertensive efficacy. Use of 
ACE 1 s^with thiazides decreases K* loss by thiazides and enhances 


Mechanism of Action of Thiazides 








Inhibit Na*-Cl 
symport in the early 
part of the DCT 







Promote Na*, 
H,O excretion 









On chronic therapy 


+ D . 
JNa concentration in the 
vascular smooth muscle 


Adverse Effects. They are hypokalaemia, hyperglycaemia, hyperuricaemia, hyp®" 
lipidaemia, hypercalcaemia, impotence and decreased libido. 





Advantages of Thiazides 


a have long duration of action (administered once daily). 
are cheap. 


EH 
m are well tolerated by elderly patients. 
a 


decrease the incidence of fracture in elderly patients by reducing urinary 
Ca** excretion. 


have synergistic effect when used in combination with other antihyperten- 
sive drugs. 


Chlorthalidone is a frequently used thiazide-like diuretic in hypertension as 
it has a long duration of action. Indapamide and metolazone are more potent, 
longer acting and produce fewer adverse effects than thiazides. 


Loop Diuretics 


These drugs have short duration of action, so a sustained N is not maintained, 
therefore, they are not used routinely in hypertension exce presence of renal or 
cardiac failure. 






Calcium Channel Blockers (CCBs) ( ^ 
ffedipine, amlodipine, felodipine, 


Verapamil, diltiazem and dihydropyridines 
nicardipine, isradipine, etc.) are useful i ades of hypertension. 


ly due to peripheral vasodilatation. Dihy- 
fto ( ause headache, flushing, ankle oedema, 
use of sustained release preparations re- 
o fects. B-blockers can be used with nifedipine to 
t rdia. Reflex tachycardia is minimal or absent with 
ecause of their greater cardiac depressant effect. Vera- 
pamil an ould be avoided in patients with cardiac dysfunction be- 
cause of their cardiac depressant effect. Calcium channel blockers are particularly 
useful in elderly patients and also in patients with angina, asthma, peripheral 
vascular disease, migraine, hyperlipidaemia, diabetes and renal dysfunction. They 
are used as monotherapy or in combination with other antihypertensives. 
They decrease albuminuria and also slow the progression of nephropathy in 
diabetic patients. Intravenous clevidipine is useful in treating severe hypertension. 







palpitation and reflex tach 
duces the incidence 








verapamil 


Sympatholytics 
B-Adrenergic Blockers 
B-Blockers are effective in all grades of hypertension. 


"s Selective B-blockers (block only Bı), e.g. atenolol, metoprolol, esmolol, 
betaxolol, etc. 


" Nonselective B-blockers (block both B; and B;), e.g. propranolol and timolol. 


During initial therapy with B-blockers, cardiac output decreases but peripheral 
vascular resistance may increase. On chronic therapy, peripheral vascular resis- 
tance gradually decreases because of sustained reduction in cardiac output - BP 
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FIGURE 3.3 Mechanism of Ay B-blockers. 


falls. Other mechanism of — fet is shown in Fig. 3.3. B-Blockerg 


are mainly useful in: » 


levels. 
uch as angina, post MI, migraine and 






= Young hypertensives with hi 
m Patients with associated conditi 


psychosomatic diso 
lators to counteract reflex tachycardia. 








B-Blockers may pr e and bronchospasm in susceptible individuals, 
They can cause s dysfunction in males and nightmares. They must be used 
with cautióm^in diabetics receiving hypoglycaemic drugs. Sudden stoppage of 





Centrally Acting Sympatholytics 

Clonidine 

Clonidine is a centrally acting antihypertensive drug. 

Mechanism of Action (Fig. 3.4). Clonidine is effective orally; it is highly lipid 

soluble and rapidly crosses the BBB. It has a short duration of action, requires 

ies a day administration. Transdermal patch of clonidine controls BP for a 

week. 

ise Effects. e of mouth and eyes, sedation, depression, bradycardia, 

impotence, nausea, dizziness, parotid gland swelling and pai 

of clonidine. Postural hypotension may occur. a pensado. 
ind stoppage of clonidine after prolonged use may cause withdrawal 

syndrome—headache, nervousness, tachycardia, sweating, tremors, palpitation 

and rebound hypertension. This is due to: 


m Supersensitivity of a-receptors. 
= Precipitous release of large amount of stored catecholamines 


This is treated with intravenous sodium nitroprusside or labetalol 
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FIGURE 3.4 Mechanism of.action of clonidine. 
OQ 


Uses. Clonidine is useful: 


1. In hypertension. N 
2. To treat withdrawal symp in Opioid and alcohol addicts and smoking 
cessation. 
. As preanaesthetic ag 







It is a centrally acting sympatholytic agent. 
Mechanism of Action 


o-Methyldopa —> o-Methyldopamine —> ot-Methylnoradrenaline —> Stimulates 


LJ Central sympathetic 


JJpp <— JHR, /PVR <— ae 


a-Methyldopa, a prodrug, which enters the adrenergic neuron, is converted 
into an active form and stored in the neurons. a-Methylnoradrenaline is a false 
transmitter that is released during nerve stimulation instead of noradrenaline. 
o-Methylnoradrenaline acts by stimulating «-receptors in vasomotor centre. - 
Adverse Effects. These include nasal stuffiness, headache, sedation, depression, 
dryness of mouth, bradycardia, impotence, gynaecomastia, hepatitis and rarely 
haemolytic anaemia. 





employed as the second or thirg y; 


Clonidine and a-methyldopa are usually 
agents in hypertension because of high incid 
one of the preferred antihypertensive drugs during PI 


ence of side effects. a-Methy] do ing 
gnancy. Pa js 


Adrenergic Neuronal Blocker 


Reserpine 


Reserpine, an alkaloid, is extracted from the r 


both central and peripheral actions. Reserpine enters adrenergic neuron, binds 
he vesicular catecholamine (dopamine and i 


the storage vesicle and inhibits t : 
adrenaline) uptake and storage. Catecholamines leak into the cytoplasm Where 
they are destroyed by monoamine oxidase (MAO) enzyme. Reserpine-induceg 
antihypertensive effect is due to depletion of biogenic amines. Adverse effects ate 


depression, sedation, sleep disturbances, etc. 
a-Adrenergic Blockers 
a-Blockers O 


Nonselective blockers (0 and tive (o) blockers 
razosin 


e Phenoxybenzamine 
e Phentolamine e Terazosin, doxazosin 


oot of Rauwolfia serpentina, Ith 







- (gf opto Block selectively 0t vascular receptors by 
S competitive mechanism 


e Vasodilatation and fall in BP Vasodilation and fall in BP 
(due to o-blockade) (0;-Receptors are not blocked, hence 
» TT Noradrenaline release due thereis no increase in the level of NA. 
to presynaptic o5-blockade Therefore, tachycardia is minimal) 


(Tachycardia is prominent) 


Nonselective a-blockers are not preferred for essential hypertension. They 
are useful to treat hypertension in special conditions like pheochromocytoma, 
clonidine withdrawal and cheese reaction. 

Pharmacokinetics, adverse effects and uses of a-blockers are discussed in p. 100. 

Selective o.,-blockers: Prazosin causes first-dose phenomenon— postural hypo: 
tension that occurs after the first dose. Therefore, the initial dose should be small 
(1 mg) and usually given at bedtime so that the patient remains in bed for several 
hours, hence reduces the risk of fainting attacks. 

Terazosin and doxazosin are longer acting than prazosin, given once daily in 
the treatment of hypertension. 


Vasodilators 
e 
p dn ^* "hd "t f i i 
e Minoxidil } Activate K' channels D 2 ; Hyperpolartaon 
Jiazoxide i (K* channel openers) "22. r- 5 —— of vascular 
 Diazoxi à pagr 7j N “y smooth muscle 
E” 
K* efflux 
Vasodilatation 
LL Blood pressure 
Minoxidil 
It is a powerful arteriolar dilator. It is effective orally. It caus ex fachycardia, Na” 
and water retention. Hence, minoxidil is used with a B-b a diuretic. Topical 


minoxidil is used to promote hair growth in maleay aldness. (Minoxidil 
topical solution and spray are available.) 


Adverse effects are reflex tachycar ycaemia, sodium and water retention. 


Diazoxide o 
It is used in the treatment of hypertensivi . Itis administered intravenously 
and has a long duration of action $ ). ltalso relaxes uterine smooth muscle. 


Hydralazine 


It is a directly acting a ator. It is administered orally. The side effects are 
reflex tachycardi scu sodium and water retention, which can be coun- 
tered by combini Azine with a diuretic and a B-blocker. Other side effects 
on, flushing, angina, myocardial infarction, coronary steal 
phenomenonnetc. fmmunological reactions, such as lupus syndrome, may occur. 






Sodium Nitroprusside 

It is a powerful arteriolar and venodilator (balanced arteriovenous dilator, 
Fig. 3.5). It is unstable, rapidly decomposes on exposure to light. So the solution 
should be prepared fresh; the infusion bottle and the entire drip-set should be 
covered with black paper. It has a short duration of action, hence administered by 
i.v. infusion. It is rapid acting and dose is titrated according to response and toler- 
ance does not develop to its action. 


NO- Arteriolar and venodilatation 
IV Sodium nitroprusside 


Liver Excreted 
Cyanide ——» Thiocyanate ——~ slowly in 


urine 





Sodium nitroprusside 


Generates nitric oxide [NO] 
Relaxes vascular 
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Vasodilatation 


yer dS 
n `Y 7 Ny 
ih ^ " 
I 
il . . 
' ‘3 -i Arteriolar dilator 
, x Hn 
Venodilator S wr od 
Ser 









| 


Pooling of 


blood in veins 
LPVR 


{JVenous return 
lAfterload 


1d d > | 
| N LBP 


co 








E 3.5 Mechanism of action and effects of sodium nitroprusside. 


Sodium nitroprusside is the drug of choice for hypertensive crisis; can also be used 
to improve cardiac output in severe CCE It is administered at a dose of 0.25- 
1.5 mcg/kg/minute i.v. infusion in 596 dextrose. Nitroprusside can cause severe hypo- 
tension, hence dose monitoring of BP is required. Prolonged administration may 
cause anorexia, nausea, vomiting, fatigue, disorientation, toxic psychosis due to accu- 
mulation of cyanide, which in turn may lead to severe lactic acidosis and convulsions. 


Nitroglycerine 
It is primarily a venodilator. Intravenous nitroglycerin is used in hypertension assod- 
ated with acute LVF/MI. It acts rapidly but tolerance develops after prolonged infusion. 


Fenoldopam 


Fenoldopam —* D; agonist —» Dilatation of peripheral ——> [BP 
(i.v. infusion) arteries and natriuresis 


rae is used in hypertensive emergencies and postoperative hypertension. 
verse effects include headache, flushing and reflex tachycardia 





Treatment of Hypertension 


1. Non-pharmacological approaches helpful to control hypertension are 
weight reduction, sodium restriction, alcohol restriction, exercise, men- 
tal relaxation, cessation of smoking and consumption of potassium- 
rich diet. Us 

2. Drug treatment (Tables 3.3 and 3.4): Selection of antihypertensive drugs 
in individual patients depends on: (i) comorbidity, (ii) associated 
complications, (iii) age, (iv) sex, (v) cost of the drug and (vi) concomi- 
tant drugs. 

" Preferred drugs for initial treatment of hypertension: ACE inhibitors, 
ARBs, CCBs and thiazides. 
= Therapy usually started with a single agent. 


Table 3.3 Dosage and indications of antihyp sive drugs 


Drug Dosage ations 

Hydrochlorothiazide — 12.5-25 mg OD o al P ild hypertension 

Chlorthalidone 12.5-25 mg OD NL LZ ild hypertension 

Captopril 12.5-75 mig BD oral Mild to severe hypertension — 
% 9^) especially in diabetics 

Enalapril 2: 40 m OD-óral Mild to severe hypertension — 


especially in diabetics 

















Lisinopril Mild to severe hypertension — 


especially in diabetics 





1.25-20 mg OD oral Mild to severe hypertension — 


especially in diabetics 


Ramipril 








Losartan 25-50 mg OD or BD Mild to severe hypertension — 
oral especially in diabetics 
Propranolol 10-120 mg, BDor QID Mild to moderate hypertension 
oral 
Atenolol 25-100 mg OD oral Mild to moderate hypertension 
Prazosin 1-10 mg BD oral Mild to moderate hypertension 
Clonidine 0.05-0.6 mg BD Mild to moderate hypertension 
Sodium 0.25-1.5 mcg/kg/ Hypertensive emergencies 
nitroprusside minute i.v. infusion (hypertensive crisis) 
in 5% dextrose 
Nifedipine SR 30-90 mg OD oral Mild to moderate hypertension 
Amlodipine 2.5-10 mg OD oral Mild to moderate hypertension 


a-Methyldopa 250 mg-2 g/day oral Hypertension during pregnancy 


Ve AE Nui AM 
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Table 3 A . Commonly used drugs for hyp 
with the following. conditions 


 Angina/Post MI p-Blockers 
Congestive cardiac failure/Left ACE inhibitors, loop diuretics and ARBs 


ventricular failure 


Diabetes mellitus and diabetic 
nephropathy 


Bronchial asthma/COPD 


Hypertensive emergencies 


ACE inhibitors, ARBs, CCBs 


Calcium channel blockers (CCBs) 


Sodium nitroprusside, labetalol, 
nitroglycerin 
) Selective o4,-bloc 













Benign prostatic hyperplasia (BPH 






Pregnancy e, labetalol 





patients who do not respond to single 





= Combination therapy is used¢ 
drug, can be used as initial we apy in patients with high BP. 
= Combination therapy: Z in ors/ARBs with either thiazides/DHDs, 


If response is not s {N othét antihypertensives can be added, eg. 
thiazides/DHPs blockers. ACE inhibitors are not to be com- 


bined with 











d in Specific Conditions 


Drugs to 
Bro hronic obstruc- Nonselective 8-blockers 





Nonselective B-blockers 








Diabetes mellitus ` Nonselective B-blockers 
Hyperlipidaemias Thiazides and B-blockers 
Gout Thiazides 

Sexually active males o,-Blockers and diuretics 





Hypertensive Crisis (Hypertensive Emergencies) 


It is characterized by a very high blood pressure (systolic > 220 and/or diastolic 
>120 mmHg) with progressive end organ damage such as retinopathy, renal 
dysfunction and/or hypertensive encephalopathy. It is a medical emergency. 
The BP should be reduced by not more than 25% within minutes to 2 hours 
and then to 160/100 mmHg within 2-6 hours. The drugs used as i.v. infusion 
are labetalol, nitroglycerin, sodium nitroprusside, nicardipine, clevidipine, es- 
molol, hydralazine, fenoldopam, enalaprilat and furosemide, etc. 


Sr R KOS SETS SS TUS o aee Hex eas 


Angina and Myocardial Infarction 


Angina pectoris is a symptom of ischaemic heart disease. 
Types of angina pectoris 


1. Stable angina (classical angina): It is characterised by episodes of chest 
pain commonly associated with exertion. 

2. Unstable angina: It is characterized by angina at rest or increased frequency 
and duration of anginal attacks. In most cases, it is commonly due to rup- 
ture of an atheromatous plaque and platelet deposition in the coronary 
artery, leading to progressive thrombosis. 

3. Prinzmetal's angina (variant angina): Angina that occur$'at rest and is due 
to spasm of coronary arteries. 


Pathophysiology. Angina occurs due to imbalance in ply and oxygen 
demand by the myocardium. Q 


© 
O, supply J ; demand T 


e Coronary atherosclerosis N T Heart rate 
e Coronary vasospasm e Ventricular hypertrophy 
e Coronary —- e ÎÎ Ventricular contractility 


e ÎÎ Ventricular wall tension 
Treatment. Tre ntis aimed at maintaining the balance between O; supply 






Treatment 
TO, supply 1O; demand 
1. Restore the coronary blood flow by: By reducing work load on the heart: 
(a) Percutaneous intervention (a) Decrease preload (mainly): 
(PCI) including stenting Nitrates 
(b) Coronary artery bypass (b) Decrease afterload: CCBs, K* 
graft (CABG) channel openers 
2. Relieve the vasospasm by drugs: (c) Decrease heart rate and 
CCB/nitrates contractility: D-adrenergic 
3. Break the thrombi using thrombolytic blockers 


agents: streptokinase/urokinase 
. Prevent thrombus formation by using 
antiplatelet drugs 


D 








Classification 
1. Nitrates: Nitroglycerin (glyceryl trinitrate), isosorbide dinitrate, ee 
mononitrate, erythrityl tetranitrate, pentaerythritol tetranitrate id 
2. B-Adrenergic blockers: Propranolol, metoprolol, atenolol, timolo] i 
rolol. D 0. 
x Calcium channel blockers (CCBs): Verapamil, diltiazem, nifedipine felt 
ine, amlodipine, nitrendipine nimodipine, lacidipine. dip. 
4. Potassium channel opener: Nicorandil. t 
5. Others*: Antiplatelet agents (low dose aspirin, clopidogrel, Prasy 
Statins, Trimetazidine, Ranolazine, Ivabradine. Stel) 


Organic Nitrates 


Organic nitrates are prodrugs - they release nitric ide (NO). Nitrates 
mainly venodilators, also cause arteriolar dilatatio educe both Preload and 
afterload. 


Mechanism of Action O 
Nitrate © 


@ 
trated in the smooth muscle cell 


Rel e 


atesguanylyl cyclase 


AN Increased cGMP 


* Dephosphorylation of myosin light chain kinase (MLCK) 
e Decrease in Ca?* concentration in the cytosol 


Relaxation of vascular smooth muscle fibres 


Pharmacological Actions of Nitrates. Nitro 


: glycerin is the prototype drug. Nitrates 
have no direct action on the heart. Pe 5 


1. On vascular smooth muscle: Nitro 
by decreasing the O, requirement a 
cardium. 


glycerin quickly relieves anginal pain 
nd increasing O, delivery to the myo 





= : E uai e dc MMC 
*Mnemonic: STAIR. 





Venodilatation Arteriolar dilatation Dilatation of large 
(predominant effect) coronary vessels and 
collateral vessels 


Peripheral pooling of blood J PVR 
Increased blood flow to 
{4 Venous return to the heart L Afterload ischaemic area due to 
redistribution of coronary 

Ld Preload blood flow 

Lt Left and right 
end-diastolic ventricular volume Increased O; delivery to 

haemic area 


LJ Cardiac work 


M 





|, O; requirement of myocardium 
(4 O; demand) 


2. On other smoo : Smooth muscles of the bronchi, oesophagus, 
e relaxed by nitrates. 


nic nitrates are readily absorbed through the buccal mu- 





ity of nitrates is very low. Sublingual route produces rapid onset (2-5 minutes) but 
short duration of action. Absorption through skin is slow; hence, transdermal route 
is used for a prolonged effect. The metabolites are excreted mainly in urine as gluc- 
uronide derivatives. 

Adverse Effects. Adverse effects are due to extensive vasodilatation. They are 
headache, postural hypotension, tachycardia, palpitation, weakness, flushing 
and rarely syncope. To avoid these symptoms, the tablet may be spit out as 
soon as the pain is relieved. Overdosage may cause methaemoglobinaemia. 
Tolerance. Tolerance to nitrates occurs on prolonged use of nitrates orally/as 
transdermal patch/IV infusion. Development of tolerance is rare following inter- 
mittent exposure (e.g. sublingual GTN). Tolerance is due to decreased NO genera- 
tion, depletion of sulfhydryl radicals in the cell or generation of free radicals, 
etc. Nitrates also exhibit cross-tolerance. Tolerance can be prevented by giving a 
nitrate-free interval (8-12 h) each day. 

Isosorbide Dinitrate: It can be used sublingually for acute anginal attack and 


orally for chronic prophylaxis. Its oral bioavailability is low because of first-pass 
metabolism. 





Isosorblde Mononitrate: It is preferred over dinitrate for chronic prophylaxis of 
angina, because it has (Table 3.5): 


" Longer duration of action. 
m High oral bioavailability as it does not un 


Therapeutic Uses of Nitrates 


l. Angina 


(a) For acute attack of angina: - | 
i ice. F , ni : 
- Nitroglycerin is the drug of choice. For an acute atta troglycerin i 


commonly administered sublingually with an initial dose of 05 Me tha 
usually relieves pain in 2-3 minutes. Patient Is advised to spit out the 
tablet as soon as the pain is relieved to avoid side effects (hypotension 


and headache). If the pain is not relieved, the can be repeated afier 
5 minutes but not more than three table tes. Nitroglycerin 
undergoes extensive first-pass metabol e wallowed. Nitroglyc. 

erin buccal spray can also be used fo ck of angina. 
- Isosorbide dinitrate (sublingual oJelieve acute attack of angina 
(b) For prophylaxis of angina: Longer zing preparations are used — 
isosorbide mononitrate orally; isoso de dinitrate orally; nitroglycerin 


oral sustained release préparation/ointment/ disc/patch. Transdermal 
d effect (up to 24 hours). To avoid tol. 


nitroglycerin produces Prolong 
a i Ked for a few hours (at least 8 hours). 
i d fof long-term prophylaxis of angina pectoris, 


ncy of anginal attacks and improve exercise 


dergo first-pass metabolism 











tes used in the treatment of angina 








* 0.5 mg (500 mcg) 
sublingual 

* 0.4 mg (400 mcg) 
lingual spray 

e 5-10 mg transdermal 

patch 





(GTN; nitroglycerin) 


Isosorbide dinitrate * 2.5-10 mg sublingual 


* 5-40 mg oral 
Isosorbide mononitrate 20-40 mg oral 
Erythrityl tetranitrate 20-40 mg oral 
Pentaerythritol 80 mg oral 
tetranitrate 






Duration of action 


e 10-30 minutes 

* 10-30 minutes 

e Up to 24 hours 
Transdermal patch 
should be removed for 
few hours each day to 
avoid the development of 
tolerance 





* 20-60 minutes 
* 6-8 hours 


6-10 hours 
4-6 hours 
10-12 hours 





immediately before exercise or stress. The main disadvantage with 
long-term use of nitrates is development of tolerance which can be 
minimized by a nitrate free interval of 8-10 hours/day. 

2. Variant angina (Prinzmetal's angina): It is due to coronary vasospasm. 
Episodes of coronary vasospasm are treated with nitrates; for 
prophylaxis, nitrates and calcium channel blockers (amlodipine, 
nifedipine SR and diltiazem) are effective. Addition of a CCB with 
nitrate produces better efficacy in variant angina and also reduces the 
incidence of MI. 

3. Unstable angina: It requires treatment with multiple drugs. 

(a) Antiplatelet agents: Low-dose aspirin, clopidogrel or prasugrel are used. 
Glycoprotein IIb/IIIa receptor antagonists (tirofiban, eptifibatide or 
abciximab) are useful in high-risk patients with coronary syn- 
dromes. 


(b) Anticoagulants: Low-molecular-weight hepari fractioned heparin 
or fondaparinux. 

(c) Nitrates: Nitroglycerin (sublingual) i (eu Intravenous 
nitroglycerin is administered if pain ess or recurs. They reduce 
myocardial oxygen consumption 
(BP should be monitored during f: 

(d) B-Blockers: They (atenolol,-metop 
unstable angina unless oh 


(e) Calcium channel blo lodipine, nifedipine SR, diltiazem or 







an ieve coronary vasospasm 
. infusion of nitroglycerin). 


verapamil are usé ms persist in patients on nitrates and 
B-blockers or if B-ble contraindicated. 








sion and in patients who received sildenafil or tadalafil in the past 
24 hours. E 

5, Congestive cardiac failure: The role of nitrates in CCF is discussed in 
p. 139. Intravenous infusion of nitroglycerin is used mainly for acute heart 
failure. Monitoring of BP is necessary to avoid hypotension. Headache may 
limit the dose of nitrates. | i E 

6. Hypertensive emergency: Intravenous infusion of nitroglycerin is used 
because of rapid onset of action, but the disadvantage is development of 
tolerance. , 7 

7. Biliary colic: Sublingual nitroglycerin can be used to relieve biliary spasm 
and associated pain. 

8. Cyanide poisoning: In cyanide poisoning, the oxygen carrying capacity of 
blood is not affected. Cyanide inhibits cytochrome oxidase and prevents 
oxygen utilization by cells. All tissues suffer from anoxia (histotoxic type of 


anoxia). 
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Treatment of cyanide poisoning: 
The main objective of treatment is to inactiva 
of nitrites, cyanide binds to cytochrome oxidase cau 


phosphorylation. 


te cyanide in.the cells. In the abseng 
. n . e 


ition of Oxidative 








treatment of cyanide 


Step 1: Amyl nitrite and sodium nitrite are usec 
poisoning. Nitrites rapidly convert haemoglobi o ethaemoglobin. 
Step 2: Methaemoglobin combines with cyanide to form non-toxic Cyanometh. 


aemoglobin. 

Step 3: Intravenous sodium thio ate@converts cyanomethaemoglobin to 
sodium thiocyanate, which is rapidl d in urine. 

Note: Hydroxocobalamin can be anide poisoning. It binds cyanide to 
form cyanocobalamin. 


B-Adrenergic Block 


The beneficial eff: ockers in exertional angina are mainly due to negative 
an/ftegátive inotropic effects. 





|l Heart rate 


Metopr 
P ————> 6 ,-Receptors of heart ————> | Force of myocardial 
contraction 


IW Cardiac work 


|l Myocardial O, 
consumption 


B-Blockers have slow onset of action and are useful in anginal prophylaxis. 
B-Blockers improve exercise tolerance and reduce the frequency of anginal 
episodes. Use of B-blocker (those without intrinsic sympathomimetic activity) 
decreases mortality in patients with recent MI, hence it should be started early and 
continued indefinitely. Cardioselective B-blockers are preferred. B-Blockers with 


intrinsic — MÀ . i 
a iig omimetic activity (e.g. pindolol) should be avoided as they may 


Adverse Effects. They include bradycardia, 
with bronchial asthma, etc. 


p-Blockers can increase left ventricular end diastolic volume 


heart block, bronchospasm in patients 


pee. V Heart rate — 1 Cardiac output ——» Increase left 


4 Myocardial ventricular 
contractility end diastolic 
volume 


This disadvantage of B-blockers can be coun 
nitrates. B-Blockers can exacerbate cardiac failure, peripheral vascular disease and 
may precipitate bronchospasm in patients with bronchial asthma. 

p-Blockers should not be withdrawn abruptly because this\may precipitate 
dangerous arrhythmias or myocardial infarction. 

B-Blockers are contraindicated in variant angina whi 
vasospasm. Coronary artery has œ- and B,-adren 


p;-receptors results in unopposed o,-mediated C 


teracted by combining them with 






h Ogcurs due to coronary 
eceptors. Blockade of 


s I fiction and aggravation 
of variant angina. 


Calcium Channel Blockers © 


1. Phenylalkylamine: Verapamil 
2. Benzothiazepine: Diltiaze Nw 
3. Dihydropyridines: , Nifedipine~® amlodipine, nicardipine, felodipine, 


isradipine, nisoldip 








Mechanism of Action. Volta 
are L, N, T, P and R 
smooth muscle c 


sensitive Ca?* channels are of five subtypes. They 
es. L-type is predominantly present in cardiac and 


lock voltage-sensitive L-type Ca’* channels by 
binding to & subunit 


Prevent entry of Ca?” into the cell 


No excitation-contraction coupling in the 
heart and vascular smooth muscle 


Pharmacological Actions. Calcium channel blockers act mainly on cardiac and 
smooth muscles. They have little action on veins, hence do not alter preload. 


1. Verapamil: It is a phenylalkylamine and has predominant action on 
heart. It: 
= decreases force of contraction (negative inotropic effect) and decreases 
heart rate (negative chronotropic effect). This reduces oxygen require- 
ment of the myocardium. 





% depresses SA node and slows AV conduction (negative dromo 
effect) by prolonging effective refractory period. 
Verapamil is a less potent coronary and peripheral vasodilator thay, the 
DHPs. : ; 

2. Diltiazem: It dilates peripheral and coronary arteries but its Vasodilatin 
property is less marked than DHPs and verapamil. It also causes Negative 
inotropic, chronotropic and dromotropic effects. It is used in the treatment 
of angina, hypertension and supraventricular slat cae 

3. Dihydropyridines (DHPs): These are potent qe : ators and reduce 
peripheral vascular resistance. Higher doses are required for significant Car. 
diac effects - cardiac depressant effect is less than verapamil and diltiazem 


tropi C 








Relax vascular 
smooth muscle V 


Coronary Recrea? LO, consumption 
vasodilatation a d of myocardium 
Cee 
(a) Nifedipine: It is the prototypesatus. It has a predominant action on 

vascular smooth musele. Reflex sachycardia and palpitation are com. 


Dihydropyridines — —* resistance 










tion an ex tachycardia are less common with amlodipine. It is 
ioi an has a longer duration of action than nifedipine. It 
| peripheral as well as coronary vessels. It has high oral bio- 
. [tis mainly used in angina and hypertension. The common 
ide effects are headache and ankle oedema. Reflex postcapillary con- 

striction >? hydrostatic pressure > ankle oedema. 
S (-) Amlodipine: It is an active S (-) enantiomer of amlodipine. It is 

more potent and causes less adverse effects. 

(c) Nicardipine: Its antianginal effects are similar to nifedipine. 

(d) Felodipine: It has greater vascular selectivity than nifedipine and 
amlodipine. Like nifedipine, it can also produce tachycardia and 
palpitation. 

(e) Isradipine and nisoldipine: They are peripheral vasodilators. 

(f) Nimodipine: It has high lipid solubility, freely crosses BBB and selec- 
tively dilates cerebral blood vessels. It is used to prevent cerebral vasos- 
pasm and subsequent neurological defects in patients with subarach- 
noid haemorrhage. 

Pharmacokinetics. All calcium channel blockers are well absorbed through Gl 
tract but they undergo varying degree of first-pass metabolism. All are highly 
bound to plasma proteins, metabolized in liver and excreted in urine. 

Adverse Effects They are mentioned in Table 3.6. 
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ipine Verapamil B Diltiazem 


e Hypotension * Constipation e Headache 

e Palpitation e Sinus bradycardia e Hypotension 

e Reflex tachycardia * Oedema; may precipi- © Bradycardia 

e Oedema tate CCF in patients * Oedema 

e Flushing with low cardiac e A-V block occurs 
» Fatigue reserve rarely 

e Dizziness * A-V block and head- 

e Sedation ache, rarely 





Uses of CCBs 


L 


Exertional angina (for detailed explanation, see ogical action): 
The beneficial effect in angina pectoris with is mainly due to a 
decrease in myocardial O, consumption (fi R, [force of contrac- 
tion or |afterload) and also due to dilatat coronary arteries. Diltia- 






zem, verapamil and DHPs (amlodipine, nifedipine SR, and nicardipine) are 
used in stable angina. Felodipine, is radi biné and nisoldipine are also effec- 
tive in angina. Diltiazem and apamil produce less reflex tachycardia. 
Diltiazem is preferred over v ii a as fewer side effects. Dihydro- 
pyridines like nifedipine elodipine may aggravate anginal symptoms 


because of reflex táchyca ich can be counteracted by combining 
them with g-blocke 


diltiazem 








used prophylactically. They relieve pain effectively by 
nary vasospasm. Combined use of DHPs and nitrates 


. Variant an dcus coronary spasm. Amlodipine, nifedipine SR and 
C 


ha increased efficacy in patients with variant angina. 
Unsta ina: Calcium channel blockers are used mainly when symp- 
toms are not relieved by nitrates and B-blockers or if these drugs are contra- 
indicated. 

. Supraventricular arrhythmias: Verapamil is the useful for supraventricular 


arrhythmias because of its depressant action on SA and AV nodes. It pro- 
longs the refractory period and decreases the conduction velocity of AV 
node thereby reduces the ventricular rate in atrial flutter or atrial fibrilla- 
tion. Diltiazem is also useful but is less effective than verapamil. 


. Hypertension: DHPs, diltiazem and verapamil are used in hypertension. 


They control blood pressure by their vasodilatory effect. They can be safely 
used in hypertensive patients with asthma, hyperlipidaemia and renal dys- 
function. 


. Hypertrophic cardiomyopathy: Verapamil is the preferred calcium channel 


blocker as it improves diastolic function. 


. Migraine: Verapamil is useful for prophylaxis of migraine. Another CCB, 


flunarizine, is more effective than verapamil in reducing the frequency of 
migraine attacks. 









ral vasospastic condition, Nifedi 
are used to treat this condition }. 
in premature labour. , 
d treatment of cerebral vasospa, 
atients with subarachnoid hae 


8. Raynaud's phenomenon: It is a periphe 
ine, amlodipine, felodipine or diltiazem 
9, Nifedipine is used as uterine relaxant 
10. Nimodipine is used for prevention an 
and subsequent neurological defects 1n p 
orrhage. 

m Channel Activator) 
teriolar and venodilation and jm. 
t develop to its actions. The si de 
flushing, nausea and vomiting 


Potassium Channel Openers (Potasslu 


Nicorandil is administered orally. It causes ar 
proves coronary blood flow. Tolerance does no 
effects are headache, hypotension, palpitation, 
ulcers in the mouth, etc. 


Nicorandil 


eu 


es NO 


Opens ATP-dependent K* channels 





Relaxation of vascular 


ization 
| PA smooth muscle 


odilation Arterial dilation 


| Preload | Afterload 


Other Drugs 

Antiplatelet Agents: Antiplatelet agent, aspirin 162 mg or 325 mg, is administered 
orally in patient with suspected or definite MI; if the patient is allergic to aspirin, 
clopidogrel 300 mg is administered. Antiplatelet agent should be continued once daily. 


Statins: See p. 129. 


Ranolazine 

s [schaemia increases the late inward sodium current in myocardium result- 
ing in calcium influx and overload. Ranolazine inhibits late inward Na* 
current > ¢ intracellular Ca2* overload in myocardium, contractility and 
oxygen consumption without altering heart rate and BP. 

= Used orally in chronic angina, it decreases the number of attacks and im- 
proves exercise tolerance 

2 QT prolongation may occur. 


Trimetazidine 


a During ischaemia, the myocardium derives energy mainly from fatty acid 
oxidation which results in increased oxygen consumption. Trimetazidine 
— fatty acid oxidation inhibitor — partial inhibition of fatty acid oxida- 
tion in myocardium — increased use of glucose for energy } myocar- 
dial O; consumption. 

a Improves exercise tolerance and decreases frequency of anginal episodes. 

a Used orally in exertional angina in combination with other drugs. 

Ranolazine is also an inhibitor of fatty acid oxidation. 


lvabradine 
s Site of action is SA node - heart rate is decreased — 1! myocardial O, demand. 
a Decreases frequency of anginal episodes. It can also be u sinus tachy- 
cardia. 


Combination Therapy 
1. Nitrates X B-blockers (Propranolol): Thi ae eee 


o 
tional angina) increases the effectiveness aid reduces the incidence of ad- 
verse effects (Fig. 3.6). 
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FIGURE 3.6 Effects of nitrates X B-blockers (propranolol). 


(a) Nitrates can counteract the increase in left ventricular end-diastolic 
volume associated with propranolol. 

(b) Nitrates — arteriolar dilatation — | PVR — reflex tachycardia. Pro- 
pranolol can block the reflex tachycardia that is associated with nitrates. 


(c) oa f; 


zz uary arisz«. 
Blockade of | Coi ey —- Unopposed ——- Coronary 
B; receptors q action spasm 


Nitrates can prevent the coronary spasm associated with B-blockers. 

2. Nifedipine (DHPs) X B-blockers: g-blockers can block the reflex tachycardia 
that is associated with nifedipine (Fig. 3.7). Coronary vasospasm by B block- 
ers is prevented. Slow acting DHPs are also combined with beta blockers. The 
combination is useful in classical angina with associated coronary vasospasm. 





Nifedipine 


| 


9 Arteriolar dilator 


Vein 


Pi 
PVR |J (BPJ) 


| 


p-Blockers: | HR Reflex tachycardia 


FIGURE 3.7 Effects of nifedipine (DHPs) X Q-blockers. 


ombination should not be 


3. B-blockers X verapamil/diltiazem: This c 
as it may cause additive depressant effect on SA node, AV node ang = 


contractility leading to heart block, heart failur en cardiac attest 

4. Calcium channel blockers X nitrates: ect is an additive pẹ du 
tion in the myocardial O2 demand, proved coronary blood fo, 
(Fig. 3.8). This combination is useful in, severe variant angina. 


Calcium channel 
blockers 


Nitrates 


Arte 


Upfeload |) afterload 


IGURE 3.8 Effects of calcium channel blockers + nitrates. 


5. Nitrates X B-blockers X CCBs: This combination is especially useful in 
severe and resistant cases of exertional angina and also in unstable angina 


(Fig. 3.9). 


Calcium channel blockers 


MANC / 


U Preload 5 || Afterload -- improve coronary blood flav 
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Artery 


B-Blockers: UHR, Foc 
|! Cardiac work 


FIGURE 3.9 Effects of nitrates + G-blockers + CCBs. 


(ih as 


6. Sildenafil/tadalafil (PDE-5 inhibitors) X nitrates: Sildenafil potentiates 


vasodilator action of nitrates; can cause MI and sudden death, Nitrates 
should be avoided for 24 hours after sildenafil intake. 


pharmacotherapy of Acute Myocardial Infarction 


1. Antiplatelet agent: Aspirin, 162 mg or 325 mg orally (chewed and swal- 
lowed), is administered at once to a patient with suspected or definite 
MI. If the patient is allergic to aspirin, clopidogrel 300 mg is administered. 
Antiplatelet agent should be continued once daily. 

2. Analgesia: Intravenous morphine 10 mg or pethidine 50-75 mg for relief 
of pain. Antiemetics like promethazine 25-50 mg slow i.v. to prevent 
opioid-induced vomiting. 

3. Nitrates: Intravenous nitroglycerin for recurrent or persist 
treat left ventricular failure. 


4. Low flow oxygen therapy (2-4 L/min) if there is e Xygen saturation. 
[] 


5. Reperfusion therapy: Primary percutaneous ntervention (PCI) or 
thrombolytic therapy. 
*" Primary percutaneous coronary interventi CT) if facilities are available. 
v Thrombolytic therapy: Streptokin teplase, tenecteplase, reteplase or uro- 

kinase is used to restore coronary d reperfusion of infarcted area. 

6. Anticoagulants: Low-moleculat- arin or unfractionated heparin 
is given to prevent reinfarction romboembolic complications. 

7. B-Blockers should bead tered during first 24 hours unless contraindi- 

cated. They prevent rcti rrhythmias and reduce mortality. 

il)'6r angiotensin receptor blockers (e.g. valsar- 


ain and to 












atin) should be started (secondary prevention) to 
ic events and reinfarction. 


‘DRUGS USED IN CONGESTIVE CARDIAC FAILURE 


The function of the heart is to pump an adequate amount of blood to various tis- 
sues. In CCE, there is an inadequate or inefficient contraction of the heart leading 
to reduced cardiac output (CO). In initial stages of CCF, the compensatory mech- 
anisms that try to maintain the cardiac output (Fig. 3.10) are: 


= Increased sympathetic activity. 
= Increased renin—angiotensin-aldosterone activity. 
= Myocardial hypertrophy and remodelling. 


As time progresses, the compensatory mechanisms fail and gradually clinical 
symptoms of failure appear. The basic haemodynamic disturbances seen in con- 
gestive cardiac failure are: 


" [ncreased pulmonary capillary pressure termed as backward failure, which 
is characterised by dyspnoea and orthopnoea. | 

" Decreased cardiac output termed as forward failure, leading to decreased 
oxygen supply to the peripheral tissues (tissue hypoxia). 
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e ACE inhibitors * Other vasod; 
e ARBs asodilators 


(reduce aft, 
(reduce preload) alterload) 
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ARBs, Angi n l'éceptor blockers; CCF, Congestive cardiac failure; CO, Cardiac output. 






H,O excretion) | 
o Oedema 
FIGURE 3,40 P. y of CCF and mechanism of action of some drugs used in its treatment, 


therapy is to provide relief from symptoms, slow the progression of 
disease decrease mortality. The treatment strategies for CCF include preload 
reduction, afterload reduction and enhancement of contractile state of the heart. 


Classification 


1. Diuretics 
(a) Loop diuretics: Furosemide, bumetanide, torsemide. 
(b) Thiazide diuretics: Chlorothiazide, hydrochlorothiazide, metolazone. 
(c) Aldosterone antagonists: Spironolactone, eplerenone. 
2. Vasodilators: 
(a) Arteriolar and venodilators: 
- ACE inhibitors: Enalapril, lisinopril, ramipril, fosinopril, trandolapril. 
- Angiotensin receptor blockers (ARBs): Losartan, candesartan. 
- Direct renin inhibitor: Aliskiren. 
- Sodium nitroprusside. 
(b) Venodilators: Nitroglycerin, isosorbide dinitrate. 
(c) Arteriolar dilators: Hydralazine, minoxidil, nicorandil. 
3. B-Adrenergic blockers: Metoprolol, bisoprolol, carvedilol, nebivolol. 
. Sympathomimetic amines: Dopamine, dobutamine. 
5. Cardiac glycosides: Digoxin. 


A 
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6. Phosphodiesterase 3 inhibitors: Inamrinone, milrinone, 
7, Vasopressin-receptor antagonists: Tolvaptan, conivaptan. 
8. Brain natriuretic peptide (BNP); Nesiritide, 


piuretics 
A majority of patients with CHF are started on diuretics. 
Promote I ; * Improve cardíac 
Diuretics > salt and —> oie als —» |Preload —> n 
water * Decrease dyspnea 
excretion and peripheral 
oedema 








Therapy is initiated with a loop diuretic - oral furosemide/tors 
Furosemide is the commonly used loop diuretic. Torsemid umetanide are 


better absorbed than furosemide. In severe HE, i.v. diuretic is required. Thiazides can 
be added to loop diuretics in advanced cases of HF for ies effect. Serum K* 


levels should be monitored. Volume contraction shóüld-be-ávoided. Aldosterone 
antagonist can be added to loop diuretic in moderate to severe HF to increase di- 
uretic efficacy, counteract K* loss and improve survival. Long-term treatment with 
diuretics may be required to prevent fluid rétention nd recurrent oedema. 
Vasodilators 


The vasodilators may be classifie T 28 Di the distribution of their effect: 


li toys: ACE inhibitors, ARBs, sodium nitro- 

prusside, reduce bot oad afid afterload. 

i inant venodilatory effect (Fig. 3.11): Nitrates, reduce 
font effect on arterioles. 


inant arteriolar dilating effect (Fig. 3.11): Hydralazine, 







o 










f e Hydralazine 
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Afterload | | 
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Note: ACE inhibitors, ARBs, sodium nitroprusside reduce both preload and afterload. 


FIGURE 3.14 Effects of vasodilators in congestive cardiac failure. 


ACE Inhibitors 


They are the standard therapy for all 
tomatic LV systolic dysfunction. They in 
tensin II. ACE inhibitors inhibit the genera 
following: 


grades of congestive heart failure and 4 

hibit conversion of angiotensin I to tai 

tion of angiotensin II resulting in s 
e 


esistance — increase in stroke volume 
- 


= Decrease in peripheral vascular r 
al blood flow + diuresis 8 


improved tissue perfusion. Increase in ren 
circulating blood volume. 
= Decrease in aldosterone production > 
—|, preload. 
Venodilation | preload. 
There is decrease in pressure in atria and pulmo 
m Retard/reverse ventricular hypertrophy and re 


and aldosterone levels. 
Therapy with ACEIs leads to D ement, decreased hospi- 


decrease in sodium and water retention 


circuit. 
by decreasing All 







talization and mortality and slowin disease progression. 
For mechanism of action, adverse effects ntraindications (see pp. 112-114), 


115) 









Angiotensin Receptor Blockers (A 


Losartan, candesartan, etc. co 
eral vasculature and kidney 
effects similar to t 
mainly used in pati 


angioedema and neu a. 
Direct Ren Q) 


Other vasodilators (Fig. 3.11): Sodium nitroprusside (i.v.) and nitroglycerin 
(i.v.) are used for severe heart failure. Hydralazine, an arteriolar dilator increases 
cardiac output in patients with heart failure. The disadvantages with the use of 
arteriolar dilators are reflex tachycardia and fluid retention. Tachycardia is rare 
with mixed arteriolar and venodilators. 






B-Adrenergic Blockers 


B-Blockers like metoprolol, bisoprolol, carvedilol and nebivolol are useful in 
mild to moderate heart failure. Long-term therapy with these B-blockers im- 
proves symptoms, reduces hospitalization and decreases mortality in patients 
with mild to moderate heart failure. The exact mechanism of action is not 
clear. They block B-receptor mediated effects of catecholamines on the heart. 
This improves left ventricular (LV) structure and function, decreases wall 
stress, increases ejection fraction and decrease LV size. They decrease apopto- 
hee hcg! remodelling. They also decrease frequency of arrhythmias. 
chua: effect of carvedilol also contributes to its beneficial effects. 

py with B-blockers in heart failure should be under careful supervision. 


ie ie cio) San AO 


Cardiac Glycosides 
Chemistry 


The glyc osides consist of an aglycone (steroid nucleus with an attached lactone 
ring) with one or more sugar moieties attached to it. They have a potent action on 
the heart, hence are referred to as cardiac glycosides 


Sources 
Source Glycosides 
Digitalis purpurea (leaf) Digitoxin 


Digitalis lanata (leaf) Digoxin, digitoxin 


Strophanthus gratus (seed) Strophanthin-G (o 







The utility of digitalis in the treatment of heart failure hown by William 


Withering. 
Mechanism of Action of Cardiac Glycosides ale g. 3.12) 


Na* K*-ATPase is a membrane-bound enzyme whichris'called digitalis receptor. It 


is also called sodium pump. A e 
Binds and inhibits 6/7 t 
inds an Fa e. FTPase |D 
P 


$$ I sed intracellular Na* 
Decreased extrusion of Ca?* Q 
via Na*/Ca?*-exchanger 


via L-type Ca?* Increased intracellular Ca?* 


channels during 
action potential 





Increased Ca?* uptake and storage in Q 
the sarcoplasmic reticulum (SR) 


Increased amount of Ca’* released during 
each action potential from SR 










Increased availability of Ca?* for excitation — 
contraction coupling thus increasing myocardial 
contractility (positive inotropic effect) 


Increased cardiac output 


Na! /Ca?* Voltage-sensitiy 
2+ e 
exchange slow Ca** channel 


Myocardial 
cell Membrane 


a 6) 
(9sR ca^ Ca?* — — | Myofibrils 
ontraction 


FIGURE 3.12 Mechanism of action of cardiac "EON arcoplasmic reticulum. 


Pharmacological Actions ( ) 


1. Cardiac. e 
2. Extracardiac. & 


Cardiac Actions: Digitalis ey df direct actions on the heart. 


ng Na* K*-ATPase. ' 

g vagus (vagomimetic effect). 

: Digitalis increases the force of contraction of 
(positive inotropic effect). This effect is more promi- 
he failing heart. Digitalised heart contracts more forcibly and 
. The positive inotropic effect causes complete emptying of 







Digoxin 2. 


Ca^. 





K* 







reases pulmonary congestion and systemic venous pressure. The diasto- 

size of the heart is reduced. When the size of the heart is reduced, 

muscle fibre length is also reduced, thereby, decreasing the oxygen re- 
quirement of myocardium. The digitalised heart, thus, can do more 
work for the same energy. Therefore, digitalis is called a ‘cardiotonic. 

2. Heart rate: In patients with CCF, digitalis reduces the heart rate (negative 

chronotropic effect) by direct and indirect actions. In small doses, digi- 

talis decreases heart rate by stimulation of vagus. In toxic doses, it can 
increase sympathetic activity thus increasing heart rate. 

3. Electrophysiological actions: At therapeutic concentrations, digoxin de- 
creases automaticity and increases resting membrane potential by vagal 
action in atria and AV node. It also prolongs effective refractory period 
(ERP) and decreases conduction velocity in AV node. This may lead to 
bradycardia and AV block. At higher concentrations, digoxin can increase 
automaticity in cardiac tissue by direct action as well as by increasing 
sympathetic activity. This can result in atrial and ventricular arrhythmias. 

4. ECG: Digitalis produces prolongation of P-R interval, inversion © 
T wave and depression of ST segment. 


Extracardiac Actions 


1. Gastrointestinal tract (GIT): Digitalis can produce anorexia, nausea, 
vomiting and occasionally diarrhoea. Nausea and vomiting is due to 
stimulation of chemoreceptor trigger zone (CTZ) and a direct action on 
the gut. 

2. Kidney: In patients with CCE digitalis causes diuresis (increased urine output). 

3. Central nervous system (CNS): In high doses, it can cause central sympa- 
thetic stimulation, confusion, blurring of vision, disorientation, etc. 


Pharmacokinetics. Digoxin is the commonly used glycoside and is usually ad- 
ministered by oral route; food delays the absorption of digoxin. It is widely dis- 
tributed in the body, concentrated in the heart, liver, kidney and skeletal muscle. 
It crosses the BBB and is mainly excreted unchanged in urine. Dosage adjustment 
of digoxin is necessary in patients with renal failure. 

Adverse Effects. Digoxin has a narrow margin of safety./Monitoring of serum 
digoxin, electrolyte levels and electrocardiogram (E e important during 
digitalis therapy. 


1. Extracardiac 
(a) GIT: Early symptoms of toxici e anorexia, nausea and vomiting, 





which are due to GI irritation a timulation. 

(b) CNS effects include t co , restlessness, disorientation, 
weakness, visual disturba r ood and hallucinations. 

(c) Skin rashes and gy mastia can occur occasionally. 









A M. e of arrhythmias. The most common are 

stis bigeminy and ventricular tachycardia. It 
atrial tachycardia, atrial fibrillation, atrial flutter 
ardia. 


. Age: Elderly patients are more susceptible to digitalis toxicity due to declin- 
ing renal and hepatic functions. 

2. Route: Intravenous digitalization carries more risk than oral route. 

3. Hypokalaemia increases the binding of digoxin to Na* K*-ATPase and 

enhances its toxicity. 

4. Hypercalcaemia and hypomagnesaemia enhance digoxin toxicity. 

5. Hypothyroidism, hyperthyroidism, hypoxia, renal failure and myocarditis 

are predisposing factors to digitalis toxicity. 


Treatment of Digoxin Toxicity 


1. Shift the patient to intensive care unit (ICU). 

2. Stop digoxin and potassium depleting diuretics (thiazides/loop diuretics). 

3. Potassium chloride (KCl) orally or intravenously is the drug of choice for 
tachyarrhythmias, when serum K* level is normal/low. 

4. Supraventricular arrhythmias are treated with oral or intravenous 
propranolol. 


5, 


6. 


vi 





Intravenous lignocaine is the drug of choice for ventricular arrhythm; 
ds 


because it has: 

s Relatively low incidence of toxicity. 

u A rapid onset and short duration of action, so its action wears ofr i 
mediately after stopping the infusion. R 

«No action on AV nodal conduction velocity, hence, does not intensig 
the AV block in digitalis toxicity. 

AV block and bradyarrhythmias are trea 

pacing. 

Digoxin antibodies ( 

toxicity. It neutralises circu 

toxicity, but it is expensive. 


ted with atropine and cardia 
C 


Digibind): It is used only in case of serious digitalis 
lating digoxin/digitoxin and rapidly reverses the 


Drug Interactions 


l. 


. Thiazides/loop diuretic 
may potentiate digoxin ity. 
digoxin to Na*)K*- e. 


Cholestyramine/colestipol X digoxi : ramine and colestipo| 
(bile acid binding resins) bind to cardia osides in the gut and reduce 


its absorption. 
B-blocker/verapamil X digo 
effect on SA and AV nodes a 


in: T. drugs have additive depressant 
ay precipitate AV block. 

: Hypokalaemia caused by diuretics, 
okalaemia increases the binding of 












increases the incidence of digoxin toxicity, 


ated with severe anaemia, thyrotoxicosis and AV shunt. 

The beneficial effects of digoxin in case of heart failure are due to its 

action on (Fig. 3.13): 

"Myocardium (positive inotropic effect): for explanation, see under phat- 
macological actions. 

= Venous system. 

= Kidney. 


. Atrial fibrillation: It is the most common cardiac arrhythmia. In atrial fi- 


brillation, the atria beat at a rate of 350-600/minute. Digitalis has both 
direct and indirect (vagomimetic) actions on AV node. It depresses AV node 
Ao ERP and decreasing conduction velocity, thus reduces 

e ventricular rate. Verapamil and propr ' i jal 
S E propranolol can be used in atra 
Atrial flutter: In atrial flutter, the atria beat rapidly at a rate of about 
300/minute. Digitalis controls ventricular rate by depressing AV conduction. 


. Paroxysmal supraventricular tachycardia (PSVT): In PSVT, the heart rate 


is about 140-220/minute. The preferred drug for PSVT is adenosine. Pro 
pranolol or verapamil can also be used. Digoxin has a slower onset 9 





1 Tissue 
perfusion 
Improves 
circulation 











Positive 
inotropic 
effect 






1 Renal 
blood flow 


Relieves 
oedema 
and dyspnoea 






acute therapy. Digoxin is preferred in 
failure. It terminates the arrhythmia by 





Dopamine an tamine are used in acute heart failure. They have positive 
inotropic effect afd provide symptomatic relief in patients with ventricular dys- 
function. 


Dopamine 


It is a catecholamine and has dose-dependent haemodynamic effects. At low 
doses (<2 mcg/kg/min) dopamine selectively dilates renal, mesenteric and 
coronary blood vessels by acting on Dy,-receptors. Thus, dopamine 
increases GFR and urine output. At moderate doses (2-5 mcg/kg/min), 
dopamine stimulates B,-receptors of heart, increases myocardial contractility 
and cardiac output but tachycardia is less prominent. It also stimulates dopa- 
minergic receptors resulting in an increase in GFR. Dopamine (i.v. infusion) is 
used in cardiogenic shock and acute heart failure with renal impairment. It 
improves both cardiac and renal function. At high concentration (» 5 mcg/kg/ 
min), it causes generalised vasoconstriction. This increases afterload and re- 
duces blood flow to renal, mesenteric and other vital organs. So the beneficial 


effects seen with low to moderate doses of dopamine are lost at higher con- 
centrations. 





Dobutamine 

It is a synthetic catecholamin 
inotropic effect and increase 
effect on BP and heart rate. 


e and acts on Bi-, Bz- and &ı-treceptors, It has 
s cardiac output. In therapeutic doses, it ha Cli 


Total peripheral resistance is general itle 
affected. This is due to counterbalancing of a-receptor n Yasocongtr tt 
and ;-receptor-mediated vasodilatation. It is administere by iv, infusion On 
short-term treatment of acute heart failure (due to MI or cardiac sur 2 
cardiogenic shock. The side effects are tachycardia, rise in BP and developm nd 


tolerance. 


Aldosterone Antagonists 

Increased aldosterone levels in CHF causes salt and water retention — increased ii 
load; potassium excretion can cause hypokalaemia — in d risk of arthythm; : 
Aldosterone also causes ventricular remodeling and y. Spironolactone 


eplerenone block action of aldosterone on its te) d block these effects Th 






slow disease progression and decrease mortality. re used in combination With 
other drugs in moderate to severe heart me 


Phosphodiesterase 3 inhibitors 
Inamrinone and milrinone are sele tive 
and increase cAMP level. Th ert Both positive inotropic and vasodilator 
actions (inodilators). They 2 ist€ted intravenously. They increase cardiac 
output and decrease/after oad. ey are used for short-term treatment of Severe 
heart failure. The advers@effects ofinamrinone include nausea, vomiting, arrhyth. 
mias, thrombocyto ipia | d hépatotoxicity. Milrinone is more potent than jn. 
amrinone Produce thrombocytopenia. 


e : 
phosphodiesterase 3 (PDE-3) inhibitor 












Natriuretic Peptide 


Nesiritide, recombinant form of brain natriuretic peptide (BNP), is useful in acute 
decompensated heart failure. Dyspnea is reduced. It is a vasodilator and is admin- 
istered intravenously. Hypotension is a common adverse effect. 

_ Management of congestive cardiac failure include Diet (salt restriction), Diuret- 
ics, Dilators (vasodilators), Digoxin, Dopamine, Dobutamine a blockers PDE-3 
inhibitors, etc. (Note the 'D's) 


ANTIARRHYTHMIC DRUGS 


Cardiac Electrophysiology 


: . sodium, i i 


i 
1 





Ionic Distribution 

Normally 
p D. a the intracellular fluid (ICF ) than extracellular fluid (ECF). 
» Na*,Ca^* and Cl” are more in the extracellular fluid (ECF). 

Cardiac Action Potential 


Normally, an impulse is generated in the SA node. From $A node — atria — AV 
node (slowly) > bundle of His — ventricles, 


The action potential of Purkinje system has five phases (Fig. 3.14): 


s Phase O (rapid depolarization): It is mainly due to rapid influx of Nat 


through open sodium channels. The upstroke stops following inactivation 
of sodium channels. 


" Phase 1 (period of early fast repolarization): It occu to stoppage of in- 
ward flow of Na* and start of K* outflow from the cell/ Ttlasts for a brief period. 
s Phase 2 (Plateau phase): During this phase, ers the myocardial 


of the cells through potassium channels. 
a Phase 3 (Phase of repolarization): Calci 
occurs throughout this phase. e 


s Phase 4 (Spontaneous - ma The membrane potential re- 


cell through voltage-dependent slow Ca?* C) hereas K* moves out 
u 


annel closes; efflux of K* 


turns to the resting value. In je fibres, there is spontaneous 
depolarization. 









In the SA and AV nodes, 
activated Ca?* channels (Fi 
larization like Purkinje 
izing currents due 


se ue to slow inflow of Ca?* ions through 
ese cells also undergo spontaneous depo- 
- Spontaneous depolarization results from depolar- 

a*, Ca?* and K* ions. 


x 





Time (ms) 


FIGURE 3.14 Cardiac action potential. TP, Threshold potential; RP, Resting potential; PHASE 0, Rapid de- 
polarization; PHASE 1, Early fast repolarization; PHASE 2, Plateau phase; PHASE 3, Repolarization; PHASE 4, 
Spontaneous depolarization. l 


120 


Voltage, mV 





—100 


d (b) atrial. 


FIGURE 3.15 Cardiac action potential: (a) Nodal 


Properties of a Cardiac Cell 


= Automaticity: It is the ability of the cardia to undergo spontaneous 

depolarization. Normally, the rate o W^ eous depolarisation is fastest 
in the SA node, hence, it is the pacemaker à the heart. 

s Excitability: It is the ability of cell dergo depolarisation in response 
to a stimulus. 

= Threshold potential: It is the 
depolarization occurs resul 

= Conduction veloci D 


e od! It is the minimal interval between two succes- 
on potentials. 


© 
l at which sudden, rapid and complete 
i generation of an action potential. 
nds mainly on the slope of action potential 












disturbances in cardiac rhythm (i.e. abnormality in site of origin 
s rate, regularity or conduction). Arrhythmias can be either tachyar- 


rhythmias or bradyarrhythmias. 


s Bradyarrhythmias may be due to reduced automaticity or abnormal slow- 
ing/blockade of impulse conduction. 

m Tachyarrhythmias are due to either increased automaticity, after depolarisa- 
tion or re-entry of an impulse. 


Various cardiac arrhythmias are atrial flutter, atrial fibrillation, paroxysmal 
supraventricular tachycardia (PSVT), ventricular tachycardia, ventricular fibrillation, 
torsades de pointes, AV block, etc. 

Drugs used to restore normal rhythm are known as antiarrhythmic drugs. 


Classification of Antiarrhythmic Drugs (Vaughan-Williams) 


a Class I: Na* channel blockers (membrane stabilising agents) 
* IA: Drugs that moderately depress phase 0 depolarization - Quinidin® 
procainamide, disopyramide. 


» IB: Drugs that have minimal effect on phase 0 depolarization - Ligno- 
caine, mexiletine. 


s IC: Drugs that markedly depress phase 0 depolarization - Flecainide, 
propafenone. 


= Class Il (B-adrenergic blockers); Propranolol, atenolol, esmolol, meto- 
prolol, sotalol. 


u Class IlI (Drugs that prolong duration of action potential): Amiodarone, 
dronedarone, sotalol, dofetilide, ibutilide, bretylium. 
= Class IV (Calcium channel blockers): Verapamil, diltiazem. 


Other antiarrhythmic agents are digoxin, adenosine, atropine, isoprenaline. 


Class l: Nat Channel Blockers 


Quinidine 
It is a class IA antiarrhythmic drug. It is an alkaloid obtaine chona bark. 
Pharmacological Actions of Quinidine 
1. Cardiovascular system © 
(a) Heart: Quinidine: 






- Blocks the Na* channels in they 
excitability, rate of phase 0 desl 
- Blocks potassium channéls —.i 
- Prolongs effective refrà 
Na* and K* 
It suppresses 


(b) AV node: Effect o dé'Conduction is variable. It has vagolytic (in- 
creases AV node c ction) and direct depressant action on AV node. 
(c) ECG j olongs QRS complex and QT interval. 


causes fall in blood pressure due to a-adrenergic block- 


en state — decreases automaticity, 
ization and conduction velocity. 
s duration of action potential. 













2. Skeletal cles: Quinidine reduces skeletal muscle contraction. 
3. Others: It also has antimalarial, antipyretic and oxytocic activities. 


Pharmacokinetics. Quinidine is well absorbed from GI tract, highly bound to 
plasma proteins, metabolized in the liver, and about 20% is excreted unchanged 
in urine. 

Adverse Effects. The important adverse effects are diarrhoea, thrombocytopenia 
and fall in BP and torsades de pointes. Hepatitis and fever can rarely occur. Large 
doses of quinidine may produce a syndrome called 'cinchonism. The manifesta- 
tions are tinnitus, deafness, headache, blurring of vision, diplopia, photophobia, 
confusion, delirium, disorientation and psychosis. 


Drug Interactions 


1. Quinidine may potentiate the effects of neuromuscular blocking drugs. 
2. Quinidine X B-blockers/verapamil/potassium salts: Additive cardiac 
depressant effect may lead to cardiac arrest. 


Therapeutic Uses. Quinidine has a broad spectrum of antiarrhythmic activity 
but it is not the drug of choice in any type of arrhythmias. Its use has declined 





because of its adverse effects and availability of better antiarrhythmic q 
useful in maintaining normal sinus rhythm in patients with atrial fibrip| e Iti, 
atrial flutter and occasionally to treat ventricular tachycardia. n e, 


Procainamide 

Like quinidine, procainamide is also a class IA antiarrhythmic drug. Its effec 
similar to those of quinidine but it has no anticholinergic and a-adrenergi chi are 
ing effects. A 
Pharmacokinetics. Procainamide is well absorbed after oral administratio 
can also be given by i.v. and i.m. routes. It is metabolized in the liver þ acety l 
tion. The major metabolite is N-acetyl procainamide (NAPA) that has K+ chan, 
blocking activity. NAPA is excreted in urine; hence dosage adjustment may p, 
needed in patients with renal failure. 


Adverse Effects 
1. CVS: Hypotension (due to ganglion blocka nd heart block are th 
main adverse effects following i.v. ae Na Torsades de pointes a 
also occur. 


2. GIT: Nausea and vomiting. o 
3. CNS: Mental confusion, de ionghallucinations and psychosis, Long, 


term procainamide therapy roduces lupus like syndrome with 
arthralgia and arthritis. 
Uses. It is useful in,ven r atrhythmias associated with acute MI. It js Not 
used for long-term or e to need for frequent dosing and risk of lupus 
syndrome. 





It is a class I Om drug. Its actions are similar to those of quinidine but 
ed anticholinergic actions. 

Pharmacokinetics. Disopyramide is well absorbed after oral administration, 
It is partly metabolized in the liver and partly excreted in urine in the un- 
changed form. 

Uses. Disopyramide is mainly used for the treatment of ventricular arrhythmias. 
It can also be used to maintain sinus rhythm in patients with atrial fibrillation or 
atrial flutter. 

Adverse effects. Anticholinergic side effects include effects like urinary retention 
especially in benign prostatic hyperplasia (BPH), dryness of mouth, blurring of 
vision, constipation, precipitation of an attack of glaucoma, etc. 


Lignocaine 


Lignocaine is a local anaesthetic having antiarrhythmic activity. It is a class IB 
antiarrhythmic drug. Local anaesthetic preparation of lignocaine contains methyl- 
paraben, a preservative, hence not used as antiarrhythmic agent. 

Pharmacological Actions. It blocks sodium channels in the inactivated (pre- 
dominantly) and the active states. It has minimal effect on normal cardiac tissues. 
Its effect is prominent in depolarized (ischaemic) tissues. It decreases automaticity 
of ectopic foci by reducing the slope of phase 4 depolarization and depresses 


conduction in depolarized (diseased 
unaffected or may be shortened. 
pharmacokinetics. Lignocaine is orally not effective 
metabolism. Lignocaine is, therefore, commonly 
route as an antiarrhythmic. It is widely distributed in the body, readily cr BBB 
is poorly bound to plasma proteins, rapidly metabolized in the fera. hort 
plasma t'/ of 1-2 hours. The volume of distribution and hepatic d f li 
nocaine are reduced in patients with heart failure, hence both the landing nd 
maintenance doses should be decreased. In hepatic disease, the clearance of i i 
caine is reduced; hence, it requires a reduction in the maintenance dose dd 
Drug Interactions. Lignocaine X propranolol: Propranolol reduces lignocaine 
elimination by reducing the hepatic blood flow, thus increases the risk of ligno- 
caine toxicity. 

Adverse Effects. These are mainly related to the centr 
headache, drowsiness, nystagmus, blurred vision, confus cle twitchings 


and convulsions. In high doses, lignocaine may cause“hypotelision due to myo- 
cardial depression. Side effects are potentiated in r h epatic failure. 


Uses © 


» Lignocaine is used for emergency Afeatment of ventricular arrhythmias 
associated with MI, digitalis toxici diac surgery. 
z Lignocaine is preferred in ventríc mias because it: 
= js relatively less toxic. 
" has a rapid onse 
immediately after s 
has no action o 


) tissue. Action potential duration is usually 


because of extensive first-pass 
administered by intravenous 













ration of action, so its action wears off 
infusion. 


tials are of very short duration—so the Na* channels are in the inactivated 
state for a very brief period of time. 


Mexiletine 

It is an analogue of lignocaine and has similar actions. It is used orally and also 
parenterally in the treatment of ventricular arrhythmias. The common adverse 
effects are nausea, dizziness and tremors. 


Flecainide and Propafenone 


These are class IC antiarrhythmic drugs. They block sodium channels in the open 
state. Class IC drugs have the most potent blocking effect on sodium channels. 
They markedly depress phase 0 depolarization, slow conduction and prolong PR 
interval. Propafenone also blocks f receptors. 

Adverse Effects. Both the drugs can exacerbate arrhythmias and congestive cardiac 
failure. Other adverse effects seen with propafenone are metallic taste, constipation, 
bradycardia and bronchospasm. Blurring of vision is common with flecainide. 





marily used for the treatmen 
o be used in ventricular arrhythmias ; Sp, 


Uses. Propafenone and flecainide are pr! 


ventricular arrhythmias; can als oth 
drugs are administered orally. the 
Class II: B-Blockers 
esmolol, metoprolol, etc. are Class II antiarrhyy, 
Mic 


Propranolol, atenolol, 
i fects of catecholamines on the heart. They: 


agents. They block the e 
m depress the phase-4 depolarization - decrease automaticity in SA no 
ectopic foci (when increased by adrenergic stimulation). 
= prolong the refractory period and decrease the conduction velocity in i 


i kes them useful: : 
node which makes t arrhythmias involving the AV node (Psyp 


e jn the treatment of re-entran AVn 
lar rate in atrial flutter a rial fibrillation, 








* to control ventricu 


In high doses, propranolol has ‘Quinidine lik 
Pharmacokinetics, adverse effects and c 


pp. 104-107. © 


Esmolol 
A cardioselective B;-blocker has rapid onset fhd short duration of action. Intravenoys 
entricular rate in atrial flutter and atria 


esmolol is used for emergency, O j l ial fl 
fibrillation. Intravenous esmol o highly effective for terminating an attack of 
n, dizziness and bronchospasm in asthmatics. 


PSVT. Side effects ar on, dizz 
Sotalol 
Wdfenergic blocker with additional K* channel blocking 


It is a nonsele 
(Class III)\piop hus prolonging the duration of action potential. It de. 
icity, slows AV conduction and prolongs effective refractory 


talol is used to treat life-threatening ventricular tachyarrhyth- 
maintain sinus rhythm in atrial fibrillation. Adverse effects 


‘and contraindications are same as propranolol. Sotalol can cause torsades de 


ane stabilizing effe, 
ications are discussed On 










pointes. 


Class Ill: Drugs that Prolong Duration of Action Potential 


Amiodarone 
It is an iodine containing compound and structurally related to thyroid hormone. 


It has a broad spectrum of antiarrhythmic activity. 


5 Amiodarone blocks potassium channels — increases duration of action 
potential — prolongs refractory period and suppresses abnormal automa- 
ticity (Fig. 3.16). 

m Blocks sodium channels in the inactivated state —> decreases conduction 
E in the partially depolarized tissue 

z Blockade of sodium and j iodi 

potassium channel jod in 
the cardiac tissue. "ee 

8 : i 
It also has weak B-adrenergic blocking and calcium channel blocking 
actions. It decreases heart rate and AV conduction 


Prolong PHASE-3 
repolarisation 


| 


Prolong the 
duration of 
action potential 


K* channel blockers. —————» 





FIGURE 3.16 Mechanism of action of amiodarone. 


Pharmacokinetics Following oral administration, epis: is about 30%. It 
can be given intravenously for rapid effect. fs accumulates\in fat, muscle, lungs, liver, 
skin, etc. and has a long half-life (1-2 mon a rone is metabolized in the 


liver. 

Uses. Amiodarone has a broad TR fha — actions with a low 
incidence of torsades de pointes. It i the treatment of atrial and 
ventricular arrhythmias. It is use s fo md sinus rhythm in atrial fibril- 
lation and prevent recurre chycardia. 


Adverse Effects 


l. to vasodilation), CHF and exacerbation of 





. Photosensitivity and pigmentation of the skin. 

. Eye: Corneal deposits. 

. Thyroid: Hypothyroidism and hyperthyroidism; hence TSH, T; and T; 
Jevels should be monitored during long-term therapy with amiodarone. 
(note the 'Ps') 


Drug Interactions. Amiodarone X f-blockers/verapamil: Additive depressant 
action on SA and AV nodes lead to SA block and AV block, respectively. 


Amiodarone inhibits the renal clearance of digoxin, thereby increases serum 
digoxin levels. 


So ee Iw 


It also increases concentration of quinidine and procainamide. Amiodarone 
potentiates the anticoagulant effect of warfarin. 


Note: Amiodarone is a broad spectrum antiarrhythmic agent with long tyz 
causes multiple effects, may cause wide range of adverse effects, but does 
not require dose adjustment in patients with hepatic or renal disease. 


Dofetilide and ibutilide are pure potassium channel blockers. They are useful 
in maintaining normal sinus rhythm in atrial fibrillation. 





Class IV: Calcium Channel Blockers 


Verapamil 


It blocks both activate 
mediated depolarization. Verapamil de 
refractory period of AV node; useful in 
lving AV node (PSVT). 

in atrial flutter and fibrillation. 


d and inactivated L-type Ca?" channels - depresse, 
creases conduction velocity and 


Cali 
= terminating reentry invo 
m reducing ventricular rate 


It decreases slope of phase 4 depolarization in the SA node (bradycarqi, 


in the ectopic foci. 
Pharmacokinetics, adverse effects, 


pp. 131-134. 


) ang 


drug interactions and uses are discus i 
e , 
ln 


Diltiazem 
All features are similar to verapamil but is CO ess potent than verapamil 


Miscellaneous Agents 


Adenosine 


It is a purine nucleoside that is admini 
paroxysmal supraventricular tachycard 
less than one minute because it is rapi 


Mechanism of Action 









ed as a rapid i.v. bolus for rapid control of 
. The duration of action of adenosine 
orted into RBCs and endothelial cells 


ous adenosine 


Binds to specific G-protein-coupled adenosine (A, )-receptors 


| 


-sensitive K* channels in the atrium, SA and AV nodes 


Ne 
K* 
K* 
K* 

K efflux K* 


. Hyperpolarization and decreased automaticity of SA node — decreased sinus rate 

* Reduced duration of action potential in atria, reduced excitability 

* Increased refractory period and slowing of conductión in AV node 

SET also decreases Ca?* currents in AV node — depresses AV node 

Nx. pin ads on rcs it blocks re-entry of impulses involving AV 
inates an attack of PSVT. It i i i 

UL It is the preferred drug for rapid termina- 

(1) has high efficacy. 


Adverse Effects and Disadvantages. These include Asystole, Bronchospasm, 
Chest pain, Dyspnoea, Expensive, Flushing, Hypotension and Headache. Side 
effects are transient due to its short duration of action. 


Drug Interactions. Adenosine X methylxanthines: Methylxanthines antagonize 
the effects of adenosine by blocking its receptors. 


Adenosine X dipyridamole: Dipyridamole inhibits uptake of adenosine into 
cells and potentiates its actions. 


Magnesium 


Intravenous magnesium sulphate is useful in torsades de pointes (even if serum 


magnesium levels are normal). It can be used in digitalis-induced arrhythmias if 
there is hypomagnesaemia. 


Atropine 


It is used in the treatment of bradycardia and AV bloc gal overactivity 
(e.g. acute myocardial infarction, digitalis ue T s vagolytic action. 


Isoprenaline 


Intravenous isoprenaline can be used in s 
following acute myocardial infarction. 

Some of the important drugs used 
listed in Table 3.7. 


d degree or complete heart block 
es of cardiac arrhythmias are 


Table 3.7 Drugs usediinc arrhythmias 


Type of arrhythmia Drugs used 












Paroxysmal sup 
tachycardia (PS 


e Adenosine 
e Verapamil 
* Esmolol 

* Digoxin 









Atrial fibrillatio ¢ Esmolol 


e Verapamil 
o Amiodarone 
e Propafenone 
o Digoxin 
Atrial flutter ¢ Esmolol 
e Verapamil 
e Amiodarone 
e Propafenone 


Ventricular tachycardia e Amiodarone 
e Lignocaine 
e Procainamide 
e Propranolol 


—- ————————— — e, I n  — HIR HÁÀ— MÀ! UÜÓÀ 


Ventricular fibrillation * [ignocaine 


* Amiodarone 
¢ Procainamide 
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Lipoproteins are necessary for the transport of cholesterol and trig 
in blood. The plasma lipoproteins are chylomicrons, very loa i 
lipoprotein (VLDL), intermediate-density lipoprotein (IDL), low. D 
lipoprotein (LDL) and high-density lipoprotein (HDL). The HDL trang d 
excess cholesterol from the peripheral tissues to liver for excretion in bil 

hyperlipoproteinaemias, the concentration of lipoproteins in plasms in 
elevated. Š 


Normal plasma lipid levels (mg/dL) 













Total cholesterol 
LDL cholesterol 
HDL cholesterol 
Men 
Women 
Triglycerides 












Hyperlipoproteinaem be primary (genetically determined) 
ete s, hypothyroidism, chronic renal disease, 


chronic alcoholis (B-blockers, corticosteroids, diuretics, oral 







oA’ (3-hydroxy-3-methylglutaryl-coenzyme A) reductase inhibitors 

): Atorvastatin, Pravastatin Pitavastatin, Lovastatin, Simvastatin, 
RosuVastatin. 

. Fibric acid derivatives: Gemfibrozil, fenofibrate, bezafibrate, clofibrate. 

Bile acid binding resins: Cholestyramine, colestipol, colesevelam. 

Inhibitor of triglyceride production and lipolysis: Nicotinic acid. 

Dietary cholesterol absorption inhibitor: Ezetimibe. 

Others: Gugulipid, omega-3 fatty acids. 


DAN WN 


HMG-CoA Reductase Inhibitors (Statins; Fig. 3.17) 


Statins are the most effective agents for treating hyperlipidaemias. They 
include rosuvastatin, atorvastatin, pravastatin, pitavastatin, lovastatin and 
simvastatin. 

Mechanism of Action. Statins competitively inhibit HMG-CoA reductase, the rate 
limiting step in cholesterol biosynthesis (i.e. the conversion of HMG-CoA to meva- 
lonate). This results in a decrease in blood LDL and VLDL levels. {cholesterol syn 
thesis 5] LDL receptors in the liver > LDL uptake and degradation. Thus, statins 
are very effective in reducing plasma LDL levels. They also reduce triglycerides 
(TGs) and increase HDL-cholesterol levels in plasma. Statins (those with short ty) 


| 








occurs mainly at night. Atorvastatin and Tosuvastatin have long t, 
[T 


P usually given once daily in the evening. because 


cholesterol biosynthesis 


HMG-CoA —— —,. Mevalonate ..... > Cholesterol 


HMG-CoA reductase en Statins 


Among statins, lovastatin and simvastatin are prodrugs and are converted to 
their active forms in the liver. All statins undergo extensive first-pass metabolism 
in liver and most of the absorbed dose is excreted in bile (Fig. 3.17). Pitavastatin 
is the most potent statin. 

Other actions of statins - atherosclerotic plaque stability 
flammatory actions; decrease platelet aggregation; increase 
by endothelium. These actions also contribute to the "t N 






and antiin- 


Adverse Effects * 
1. Hepatotoxicity (dose related) with incredgig) 
2. Headache and sleep disturbances, | 
3, Myopathy: Muscle pain and wea Hess) 


activity. Rhabdomyolysis may e¢cur, 
4, Gastrointestinal: Anorexia, 


erum transaminase levels. 







@ . ee 
ith raised plasma creatinine kinase 
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FIGURE 3.17 Site and mechanism of action of hypolipidaemic drugs. 1 = Statins: Inhibit HMG-CoA 
reductase. 2 = Ezetimibe: Inhibits cholesterol absorption in the gut. 3 = Resins: Interrupt enterohepatic 
cycling of bile acids. 4 = Niacin: Inhibits VLDL secretion, © : Inhibits. 


- ae 
Mnemonic for adverse effects of statins-HMG. 














Statins should not be taken in pregnancy 
Uses. Statins are the commonly used drugs 
daemias with increased LDL and cholesterol 


for treatment of primary y 


levels. They are also used in ety 
Cong, 


ary hyperlipidaemias due to diabetes or nephrotic syndrome. 
Drug interactions. Statins X cydosporine/erythromycin/azoles: They 
the metabolism of statins (except pravastatin) —> Increased blood levels of 


— Increased incidence of myopathy. 


inhibi, 
Statin, 


Bile Acid-Binding Resins (Bile Acid Sequestrants; Fig. 3.17) 
Resins bind bile acids in the gut and interrupt their enterohepatic circulation 
promote conversion of cholesterol to bile acids in the liver. They also stimulate i 


formation of hepatic LDL-receptors which take up more LDL-cholesterol from, he 
f LDL levels with Hi effect on HDL] 


circulation. The net effect is reduction O F eve] 
Uses. Resins are used in the treatment of primary hype olesterolaemias, Resing 
should be taken orally with water or fruit juice E s. They are also Useful 


to relieve itching of obstructive jaundice. 
Adverse Effects Since resins are not absorbed t gh the gut, systemic adverse 


effects are not seen. The common adverse e re unpalatability, bloating, nay, 
sea, flatulence and constipation. They-álso bind to other drugs (thiazides, digital 
anticoagulants, propranolol, thyrox fat-soluble vitamins, etc.) in the gut and 


reduce their absorption. 








Fibrates (Fibric Aciü 
Some of the fibrates 


They activate tisome proliferator-activated receptor a (PPAR-q) present in 
the liver, n and skeletal muscle. 
tion 


gemfibrozil, bezafibrate and fenofibrate. 
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Fibrates also xr Te deus in liver. Fibrates are well absorbed after oral admin: - 
yses. Fibrates are very effective in type III hyperlipoproteinaemia and severe 
hypertriglyceridaemta. 

Adverse Effects. Fibrates are usually well tolerated. The common side effects are 
dyspepsia, nausea, vomiting, diarrhoea, muscle pain and headache. There is an 
increased incidence of gall stones with clofibrate. Fibrates can potentiate the effect 
of warfarin and oral hypoglycaemic drugs. Use of combination of gemfibrozil with 
statins increases the risk of myopathy. (Fenofibrate/benzafibrate can be combined 
with statins.) Fibrates are contraindicated in pregnancy. 


nicotinic Acid (Niacin, Fig. 3.17) 


Niacin is a B-complex vitamin. In larger doses, it has h idaBfhic effect; it 
reduces plasma TGs, VLDL, LDL, and increases HDL level& Lipoprotein (a) is 
decreased. 


iglycerides 
1 Lipoprotein lipase < Niacin e In adipose tissue 
activity 
| d fatty acids 
^ Hydrolysis of | 
VLDL Triglycerides 
| Q) | In liver 
i VLDL 





Niacin inhibits lipolysis in adipose tissue, thus reduces hepatic TG and VLDL 

synthesis. Niacin is the most effective agent for increasing HDL level. It should be 
started at a low dose and taken with meals to delay absorption. Niacin is mainly 
used in patients with both hypertriglyceridaemia and low HDL levels. 
Adverse Effects. The main adverse effects are flushing and dyspepsia. Flushing 
(prostaglandin mediated vasodilation) can be reduced either by combining niacin 
with aspirin or starting with a low dose of niacin. The other side effects are itching, 
headache, hyperpigmentation, peptic ulcer, hyperuricaemia, hepatotoxicity, hy- 
perglycaemia and rarely atrial arrhythmias. Niacin may potentiate the effects of 
warfarin. It is contraindicated in pregnancy. 


Ezetimibe (Cholesterol Absorption Inhibitor; Fig. 3.17) 
It inhibits the absorption of dietary and biliary cholesterol in the intestine. It 


reduces LDL cholesterol (Fig. 3.17). | 

Uses. Ezetimibe is mainly used with a statin, when the LDL levels are not 
controlled with statin monotherapy. The combination of ezetimibe and statins 
has a beneficial effect. Statins inhibit cholesterol synthesis but increase intestinal 





bits intestinal cholesterol absorptio 

d use of these drugs prevents the ing 
nd increased cholesterol gy,“ 
ces an additive reduction jp, N 


cholesterol absorption. Ezetimibe inhi 
increases cholesterol synthesis. Combine 
in cholesterol absorption caused by statins a 
caused by ezetimibe. The combination produ 


cholesterol levels. | on wi 
Adverse Effects. There is a low incidence of hepatic dysfunction with CZetimip, 


Omega-3 Fatty Acids 


They are effective in the treatment of hype 
fish oils. Omega-3 fatty acids activate PPAR- 
sea and belching may occur. 


rtriglyceridaemia. They are present į 
a and reduce triglyceride levels, Nay 










PLASMA VOLUME EXPANDERS 
Plasma volume expanders are solutions used for tem 


i ituati idal sc 
volume in emergency situations. Colloi ) 
plasma expanders. Colloidal solutions have a olecular weight and exer , 


high oncotic pressure. The important colloidal/solutions are human albumin, 
dextran, polyvinylpyrrolidone, hetasta and degraded gelatin polymer. 


aintenance of blogg 
s’are commonly used 3 






and non-antigenic. 


2 

3. It should b ge 

4. stable and cheap. 

5. ‘Aterfere with blood grouping and cross-matching of blood. 









min 

d plasma protein fraction, which are prepared from pooled human 
plasma are the commonly used plasma expanders. About 25 g of 5% albumin is 
osmotically equivalent to about 500 mL of fresh frozen plasma. This is valuable 
to restore colloidal osmotic pressure in hypovolaemic states, such as burns, haem- 
orrhage and surgical procedures. There is no risk of hepatitis B/hepatitis C/HIV 
infections. It can cause hypersensitivity and overloading of circulation. Plasma 
protein fraction contains globulin in addition to albumin. 


Albumin 


Dextran 

Dextran is a water-soluble glucose polymer produced by bacteria grown on 
sucrose media. It is available as dextran 40 and dextran 70. Dextrans increase 
plasma colloidal oncotic pressure similar to that of plasma proteins. 


Dextran 40 

It is given by i.v. infusion as a 10% solution. It acts rapidly but has a relatively 
transient effect. It reduces blood viscosity and inhibits sludging of red blood cor 
puscles (RBCs) in small blood vessels. It also improves microcirculation. 


oe sng Cates Fain OTRS 16L 8 


Dextran 70 


duration of action because of its sl ma volume than dextran 40. It has a longer 
u a se of its slow rena] : duce 
ity and inhibits sludging of RBCs. excretion. It also reduces bloo 


Dextrans may induce rouleaux form 


ati iei : g 
ing and cross-matching. Th on and this interferes with blood group 


ey can interfere with 


a are hypersensitivity, fever, joint pain, urticaria, 
sm and rarely anaphylactic reaction. The anticoagulant 
enhanced by dextran. 


hypotension, bronchosp 
effect of heparin may be 


Hydroxyethyl Starch or Hetastarch 


It is derived from starch. It acts b 
plasma albumin. It is stable at roo 
tion. Hetastarch has also be 


y increasing oncotic ct 
m temperature and g duration of ac- 


en used to improve nulog i 
: a e harvesting durin 
leukopheresis procedures. It does not interfere DIood grouping and mt. 


matching of blood. The adverse effects are flu-like svn: ome (headache, fever and 
myalgia), itching, urticaria and anaphylactoi reactions. 


Degraded Gelatin Polymer ow 
Gelatin is a polypeptide obtain x collagen. Gelatin in degraded form is 


used commonly as a plasm 
albumin. Plasma expansio 


ilar to that of 











exerts oncotic pressure similar to that of 
»out 12 hours. It does not interfere with 
blood grouping and cross- ling of blood. Gelatin has also been used as a 
haemostatic in s alors It can cause hypersensitivity: flushing, itching, 
urticaria, bronch nsion. Severe reactions can occur with urea- 








m and hypote 





Polyvinylpyrrolidone 


This is a synthetic polymer. It interferes with blood grouping and cross-m 
of blood. It binds to drugs, such as insulin 
reduces their effect. It is rarely used now. 


atching 
and penicillin in circulation and 


Uses of Plasma Expanders 


They are used to maintain circulating volume in burns, haemorrhage, severe 
trauma, etc. when blood/plasma is not readily available. 


Contraindications 


They are severe anaemia, bleeding disorders, congestive heart failure, renal failure 
and hepatic failure. 





CHAPTER 4 
Renal Pharmacology 


Kidney is mainly a regulatory organ it also has excretory function. The function; 
unit of the kidney is nephron. Each kidney contains about 1 million Nephron, 


The functions of kidney are: 
1. Regulatory: Acid—base, 


2. Excretory: Excretion of 
3. Hormonal: Activation ofv 


fluid and electrolyte balance. 
nitrogenous waste produ 


itamin D, productio eni and erythropoietin 


Mechanism of Urine Formation O 


It consists of the following steps: 


1. Glomerular filtration 
2. Tubular reabsorption e 


3. Active tubular secretion 
erular filtration. The volume of fluid filtered 


Urine formation begins 
is about 180 L/day, i than 9996 gets reabsorbed in the renal tubules; 
; y. After filtration, fluid traverses in the renal 


urine output is abo 
tubules. The tubu s Na*, K+, C17, HCO5, amino acids, glucose, etc. 









nt 


ubule: Site 1 (Fig. 4.1) 






Proximal 
Most It Nat is actively reabsorbed; chloride is reabsorbed passively 
along w ium. Carbonic anhydrase plays an important role in the reabsorp- 


onate and secretion of Ht. The Na*H* exchanger in the proximal 
tubular cells transports Na* from the lumen into the cell and H* from the cell into 
the tubular fluid. Potassium, glucose, amino acids, etc. are also reabsorbed in the 
proximal convoluted tubule (PCT). Proportionately, water also gets reabsorbed, so 
tubular fluid in the PCT remains isotonic. 


Descending Limb of Loop of Henle 
The descending limb is impermeable to Na* and urea, and highly permeable to 
water. Hence, fluid in this segment becomes hypertonic. 


Thick Ascending Limb of Loop of Henle: Site 2 (Fig. 4.1) 

x Ds ascending limb is impermeable to water but highly permeable to Na’ 
and CI. Active reabsorption of sodium and chloride occurs by Na*-K*-20* 
d This is selectively blocked by loop diuretics. Ca?* and Mg?* are also 
reabsorbed at this site. The tubular fluid becomes hypotonic 


Early Distal Tubule: Site 3 (Fig. 4.1) 


It is impermeable to water, but sodi 
i ; but sodium and chlori hel 
of Na* -CI" -symporter. This is blocked by bns es 












Potassium- 
sparing 
diuretics 


Carbonic anhydrase ae 
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FIGURE 4.1. Nephron showing oe of diuretics. 


Late Distal Tubule and Collecti ct:.Site 4 (Fig. 4.1) 

h d water diffuse passively. Exchange of 
k ange is under the influence of aldoste- 
rone (aldosterone pro absorption and K* depletion). Absorption of 
water in the colle dis (po) is under the influence of antidiuretic hormone 
(ADH). In the abs of ADH, the CD becomes impermeable to water and a 


large amou ine is excreted. Normally, H* ions present in urine con- 
vert NH; to NAA, whìch is excreted. 







DIURETICS 


Diuretics are drugs that promote excretion of Na* and water in urine. 


Classification According to Primary Site of Action in the Nephron (Fig. 4.1) 


1. Drugs acting at proximal convoluted tubule (PCT) (site 1) 
Carbonic anhydrase inhibitor: Acetazolamide. 
2. Drugs acting at thick ascending limb of loop of Henle (site 2) 
Loop diuretics: Furosemide, bumetanide, torsemide. 
3. Drugs acting at early distal tubule (site 3) 
Thiazides: Chlorothiazide, hydrochlorothiazide, hydroflumethiazide, ben- 
droflumethiazide, benzthiazide. 
Thiazide-related diuretics: Chlorthalidone, indapamide, metolazone, xipamide. 
4. Drugs acting at late distal tubule and collecting duct (CD) (site 4) 
Aldosterone antagonists: Spironolactone, eplerenone. 
Direct inhibitors of renal epithelial Na* channels: Amiloride, triamterene. 
5. Drugs acting on entire nephron (main site of action is loop of Henle) 
Osmotic diuretics: Mannitol, glycerol, isosorbide. 


Carbonic Anhydrase Inhibitors 


Mechanism of Action. CO, and H,O in the tubular lumen diffuse into the tubul 
cell where H;CO, is formed under the influence of carbonic anhydrase 
Carbonic acid (H,CO3) dissociates into H* and HCO3 . The bicarbonate IONS are 
transported into the interstitium. The H* ions exchange with luminal Na* (Na*- gy. 
antiporter). In the lumen, H* ions combine with the filtered HCO3 to form H;Co, 
The H;CO, dissociates into CO; and H,O with the help of carbonic anhydrase 
which is present near the brush border. The main site of action of acetazolamide jg 
proximal tubule (site 1); it also acts in the collecting duct (Fig. Spe ena 
by inhibiting carbonic anhydrase enzyme, prevents the formation o H "tons. Thus, 
Na*-H* exchange is prevented. Na* is excreted along with HCOs in urine. 

In the DCT, increased Na*-K* exchange leads to loss of K*. The net effect jg 
loss of Na*, K* and HCO5 in urine resulting in alkaline e. 


Uses. Acetazolamide is not used as diuretic becaus f it$Jow efficacy. It is useq 


in the following: 

1. Glaucoma: Carbonic anhydrase inhibito rease intraocular pressure 
(IOP) by reducing the formation ohaauto humour. Acetazolamide is 
used in acute congestive glaucoma by and i.v. routes. Topical carbonic 
anhydrase inhibitors (dorzol and brinzolamide) are used in chronic 


simple glaucoma (see p. 

2. To alkalinize urine in a cus oning. 

3. Acute mountain sick Acetazolamide can be used both for symptomatic 
relief and prop iof afte mountain sickness. It is better to administer 
it prophylactica rl cial effect may be due to a decrease in pH and 


formation pinal fluid. 
4. Misc eouS: Ag an adjuvant in epilepsy; familial periodic paralysis - benefit 
ering of pH. 
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FIGURE 4.2 Mechanism of action of carbonic anhydrase (CA) inhibitors. 


Adverse Effects. These include hypersensitivity reactions (skin rashes, fever, 


nephritis, etc.), drowsiness, paraesthesia, hypokalaemia, metabolic acidosis, head- 
ache and renal stones. 


Contraindications 


1. Liver disease: Hepatic coma may be precipitated in patients with cirrhosis 
due to decreased excretion of NH; in alkaline urine. 
2. Chronic obstructive pulmonary disease (COPD): Worsening of metabolic 
acidosis is seen in patients with chronic obstructive pulmonary disease. 
Osmotic Diuretics 


These include mannitol, glycerol and isosorbide. 
Mannitol. Mannitol is administered intravenously. It is neither metabolized in 


the body nor is significantly reabsorbed from the renal tubules “it is pharmaco- 
logically inert and is freely filtered at the glomerulus. 


Mechanism of Action. Osmotic diuretics draw giclee issues by osmotic 


action. This results in increased excretion of water trolytes. Their site of 
action is in the loop of Henle and proximal tubule. 


20% itob i.v. infusion 


(Qv osmolality of plasma 


hi smotic effect) from the intracellular 
partment (ICC) to extracellular fluid (ECF) 


| 


Expansion of ECF volume 
t Renal blood flow | 


Increases glomerular filtration rate (GFR); 
{Blood flowto In addition, mannitol is freely filtered at the glomerulus 






renal medulla l 
i Increases osmolality of tubular fluid 
| Tonicity in 
renal medulla | 


Inhibits reabsorption of water; 
| passive reabsorption of NaCl 


The net effect is: 


* Increase in urine volume E » p 
* Increased urinary excretion of Na*, K^, Ca?*, Mg**, Cl, HCO3 and PO; 


e~ 





Uses of Osmotic Diuretics 


|. Mannitol is used to reduce the elevated intracranial tension (ICT) follo,; 
head injury or tumour. It draws fluid from the brain into the circulation | 
osmotic effect, thus lowering ICT. y 

2. Mannitol 2096 (i.v.), glycerol 5096 (oral) and isosorbide (oral) are Use 
reduce the elevated IOP in acute congestive glaucoma. They draw fluid ön 
the eye, by osmotic effect, into blood—IOP is decreased. 

3. Mannitol is used to prevent acute renal shutdown in shock, cardiovasqu. 
surgery, haemolytic transfusion reactions, etc. 

4. Mannitol is useful to maintain the osmolality of ECF after dialysis, 


Adverse Effects 


1. Too rapid and too much quantity of i.v. mannitol cause marked expan. 
sion of ECF volume which can lead to pulmo edema. 

2. Headache, nausea and vomiting may occu 

3. Glycerol can cause hyperglycaemia. 


Contraindications. Mannitol is connate in congestive cardiac failure 
(CCF) and pulmonary oedema because it expands ECF volume by increasing the 


osmolality of extracellular compartment arid increases the load on hear, thu; 
aggravating the above condition;.O traindications are chronic oedema 
anuric renal disease, active intrácr, ding and acute tubular necrosis. 


Loop Diuretics (High*Ceil iuretics) 


The important loop et 


re furosemide, bumetanide, torsemide and 
ethacrynic acid. 





Action/Fig. 4.3). Site of action is the thick ascending limb of loop 

Loop diuretics bind to luminal side of Na* —K* —2Cl- cotrans- 
ck'its function. There is an increased excretion of Na* and Cl in 
urine. Thatubular fluid reaching the DCT contains large amount of Na*. Hence, 
more Na* éxchanges with K* leading to K* loss. Furosemide has weak carbonic 
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FIGURE 4.3 Na' —K* —2Cl- cotransport system in thick ascending limb and the mechanism of actio" 
of loop diuretics. 


anhydrase-inhibiting activity, hence, increases the excretion of HCO3. Loop 
diuretics also increase the excretion of Ca?* and Mg?*. 

Loop diuretics are called high-ceiling diuretics because they are highly efficacious— 
have maximal Na* excreting capacity when compared to thiazides and potassium 
sparing diuretics. 

The loop diuretics are rapidly absorbed through the gastrointestinal tract. 
Furosemide and bumetanide are administered by oral, i.v. and i.m. routes. 
Torsemide is given orally and intramuscularly. Furosemide has a rapid onset of 


action within 2-5 min of i.v; 10-20 min after i.m. and 30-40 min after oral 
administration. The duration of action of furosemide is short (2-4 hours). 


Bumetanide and Torsemide 


Can be administered orally and parenterally. 
Are more potent than furosemide. 
Have better oral bioavailability than furosemide. 


Torsemide: longer t!/2 than others. 
Therapeutic Uses of Loop Diuretics O 
1. During the initial stages of renal and cnt osm loop diuretics are 


preferred. They are also useful in hepatic gedema - vigorous diuresis 
should be avoided to prevent hepatic(coma. 
ine (to prevent volume deple- 


2. Intravenous furosemide, along withtisoton iC sa 
i the excretion of Ca?* in urine. 


tion), is used in hypercalcaemiaya 
3. Acute pulmonary oedema - loop dit etics act in the following way: 






thesis and release ———> ^ Renal blood 


Cana o 
temic venous capacitance due to vasodilation 


esults in shift of blood from central pulmonary to 
systemic vessels, | left ventricular filling pressure 


Intravenous furosemide 


Produces quick relief from pulmonary oedema 


4. Loop diuretics may be used in cerebral oedema but i.v. mannitol is the 
preferred drug. 

5. Hypertension: Loop diuretics can be used in hypertension associated with 
CCF/renal failure and in hypertensive emergencies. Furosemide is not preferred 
in uncomplicated primary hypertension because of its short duration of action. 

6. To prevent volume overload, furosemide is administered during blood 
transfusion. 


Adverse Effects of Loop Diuretics 


1. Electrolyte disturbances are the common adverse effects seen with loop 
diuretics. They are: 

(a) Hypokalaemia: It is the most important adverse effect. It can cause 

fatigue, muscular weakness and cardiac arrhythmias. Hypokalaemia 





combination of loop diuretic With 
n be treated by K* supplementation 0. 
pletion of sodium from the po 


ese are due to the increase, 
respectively. Hypomagnesemia lá 


can be prevented by using a 
tassium-sparing diuretic. It ca 
(b) Hyponatraemia: Loop diuretics can cause de 
(c) Hypocalcaemia and hypomagnesaemia: Th 
urinary excretion of Ca?* and Mg^* 


predispose to arrhythmias. 

2. The metabolic disturbances include: suli , 
(a) Hyperglycaemia: This can occur due to decreased insu in secretion, 
(b) Hyperuricaemia: These drugs decrease the renal excretion of uric acig 

and may precipitate attack of gout. 
(c) Hyperlipidaemia: They increase plasma tnig 
terol levels. , 

3. Ototoxicity manifests as deafness, vertigo an 

age to hair cells in inner ear. The symptoms are 


page of therapy. The risk of ototoxicity is in 
impairment and in those receiving other o 


aminoglycosides, etc. "P 
4. Hypersensitivity: Skin rashes, "UU otosensitivity, etc., may occur, 


Drug Interactions 
1. Furosemide/Thiazides X dig 
increases the binding of di 
2. Furosemide X amino$ly 
enhanced toxicity wiremu 


lycerides and LDL choles. 


d tinnitus and is due to dam. 
ually reversible on stop. 






: These diuretics cause hypokalaemia which 
+_K+-ATPase leading to digoxin toxicity, 
Both are ototoxic drugs and cause 









together. 
3. Furosemide X antiinflammatory drugs: Nonsteroidal antiin- 
inhibit PG synthesis and block prostaglandin- 


flammatory d 
mediated h mic changes of loop diuretics. Chronic use of NSAIDs 
And H,O retention and diminish the antihypertensive effect of 
C 








iazides. 
hiazides X lithium: Diuretics cause hyponatraemia resulting 
pensatory increase in reabsorption of sodium and lithium in the 
PCT lé&ding to lithium toxicity. 
5. Furosemide/Chlorthalidone X amiloride: Furosemide/chlorthalidone 
causes hypokalaemia, whereas amiloride conserves potassium. The combi- 
nation of these diuretics does not alter the plasma potassium levels and 


also improves diuretic response—synergistic effect. 






Thíazides (Benzothiadiazides) and Thiazide-Like Diuretics 


Thiazides are medium-efficacy diuretics. 


Mechanism of Action. Thiazides inhibit Na*- Cl -symport in early distal tubule 


a 3) and increase Na* and CI” excretion. There is increased delivery of Na* t0 
the late distal tubule. Hence, there is increased exchange of Na*-K* which 


in + . . 
K* loss. Some of the thiazides also have weak carbonic anhydrase inhibitory ac 
3 


results 


oe and increase HCO3 loss. Therefore, there is a net loss of Na*, K*, Cl : H 
nu thiazides decrease Ca?* excretion (Fig. 4.4). 

cs. Thiazides are admini ; jon 
action and are excreted in urine. ministered orally. They have long draw" 





Lumen Early distal tubule 
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FIGURE 4.4 NaCl reabsorption in early distal tubule and mechanism of acti iazides. (Adapted from 
Goodman & Gilman's The Pharmacological Basis of Therapeutics, 12e.) 


Uses © 


1. Hypertension: Thiazides are used i tredtment of essential hyperten- 
sion (see p. 116). 

2. Oedema: Thiazides are used in ep with loop diuretics in severe 
CHE. They are not very effective in\hépatic oedema. Most thiazides, except 
metolazone, are not effecti FR (glomerular filtration rate) is low. 

3. Hypercalciuria: Thiazide in calcium nephrolithiasis as they 







reduce the urinary cium. 
4. Diabetes insi ien L I 
Adverse Effects 
1. Thiazi electrolyte disturbances which include hypokalaemia, hy- 
ponatrae ypomagnesaemia and hypercalcaemia. 


(a) Hypokalaemia is more common with thiazides than loop diuretics 
because of their long duration of action. 
(b) Hypercalcaemia is due to decreased urinary excretion of Ca?*. 

2. The metabolic disturbances are similar to that of loop diuretics— 
hyperglycaemia, hyperlipidaemia and hyperuricaemia. . 

3. They may cause impotence, hence thiazides are not the preferred antihyper- 
tensives in young males. 

4. Others: Skin rashes, photosensitivity, gastrointestinal disturbances like 
Nausea, vomiting, diarrhoea, etc. can occur. Diuretics should be avoided in 
pregnancy as they reduce placental perfusion by decreasing blood volume 
which can cause fetal death. 


Thiazide-Like Diuretics 


Chlorthalidone is a frequently used thiazide-like diuretic in hypertension as it has 
a long duration of action. Indapamide and metolazone are longer acting than 


thiazides. They are used in hypertension. Metolazone and xipamide are also used 
OF treatment of oedema. 





Potassium-Sparing Diuretics 
Aldosterone Antagonists 


Spironolactone . . 

Spironolactone is an aldosterone antagonist. It 1s a synthetic steroid and Sto | 
r rone. : 

ally related to aldoste cific mineralocorticoid re 


Aldosterone enters the cell and binds to specule ' E 
(MR) in the cytoplasm of late distal tubule and collecting duct (CD) cells (site | 


The hormone receptor complex (MR-AL) enters the cell 2 boue it induce, 
synthesis of aldosterone-induced proteins (AIPs). The net e Sisto reu 


sodium and excrete potassium (Fig. 4-5). m 
y j corticoid rece 
Spironolactone competitively blocks the mineralo ptor and i 


: + 
vents the formation of AIPs. Therefore, spironolactone es Na eXcretio 
and K* retention. Spironolactone is most effective wftemclreu ating aldosteron, 


: . 2+ 1 
levels are high. It also increases Ca?* excretion. 


Pharmacokinetics. Spironolactone is admin S 
and is highly bound to plasma proteins; nsly 
forms active metabolite, canrenone, which has 


Uses 


ally, gets partly absorbeg 
y metabolized in liver and 
ong plasma half-life. 





0 
— 


e 
d with secondary hyperaldosteronism 





1. In oedematous conditio i i i 
(congestive cardiac aig irrhosis and nephrotic syndrome). 

2. Congestive cardiac r ironolactone is often used in moderate-sever, 
heart failure besau cks the effects of aldosterone. It prevents hypo. 
kalaemia, ven Ar eling and retards the progression of the disease 


3. Spironol ^ie Dften used with thiazides/loop diuretics: serum potas. 
siu AE pine and antihypertensive efficacy is enhanced. 






Y ension due to primary hyperaldosteronism (Conn's syndrome) 


cts. Hyperkalaemia is the major adverse effect of aldosterone 
antagonists, The risk is greater in patients with renal disease or in those receiving 
ACE inhibitors, ARBs, B-blockers, NSAIDs, etc. 


Aldosterone 
(Agonist) 


Spironolactone 
(Antagonist) 


| 


FIGURE 4.5 The mechanism of action of spi i icoi 
E pironolactone. MR, Mineralocorticoid receptor; AL, Aldoste/o" 


The other adverse effects include nausea, vomiting, diarrhoea, peptic ulcer, drows- 


iness, mental confusion, menstrual disturbances, gynaecomastia and decreased 
libido (antiandrogenic effect). 


Drug Interaction 
u ACE inhibitors X Spironolactone: Dangerous hyperkalaemia can occur. 


Eplerenone, an aldosterone antagonist, is more selective for mineralocorticoid 
receptor. Hence, it is less likely to cause gynaecomastia. Its therapeutic uses in- 
clude hypertension and chronic heart failure. 


Amiloride and Triamterene (Directly Acting Drugs) 


Both are directly acting potassium-sparing diuretics. They directly block the 
Na* channels in the luminal membrane of the cells of the | CT and CD. 
The net effect of these drugs is to increase Na* excretion a 


hence these are called K*-sparing diuretics. They are.a 
Amiloride inhibits H* secretion in CD - acidosis can cell 
cacy diuretics. Amiloride is more potent and miei ng than triamterene. 


Triamterene is extensively metabolized while amiloride is excreted unchanged 
in urine. 







e hui iazides/loop diuretics for the 
combination therapy increases the diuretic 


ides or loop diuretics. They also correct 


Uses 
1. Potassium-sparing diuretics ar 








and antihypertensive e 
hypokalaemia due to t 
2. Amiloride is used 


Adverse Effects. These include hyperkalaemia, nausea, vomiting, diarrhoea, 
headache, dizziness, muscle cramps, etc. 

Various diuretics with their site and mechanism of action are shown in 
Table 4.1. 


Table 4.1 Diuretics with their site and mechanism of action 


Diuretics | Site of action Mechanism of action Efficacy 
Meu LU i MM 
Acetazolamide PCT Carbonic anhydrase Low 
inhibitor 
Loop diuretics Thick ascending limb Inhibit Na*-K*-2Cl-- High 
of loop of Henle cotransport 
Thiazides Early distal tubule Inhibit Na*-Cl--symport — Medium 
—— —.  FaryGista tubue 'nnibtNa -G!-sympot Medium _ 
Continued 
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Diuretics 


Site of action 
Potassium- DT and CD 
sparing 
diuretics 
Mannitol Loop of Henle and PCT 
ANTIDIURETICS — er 
Vasopressin 


Vasopressin (AVP or arginine vasopressin 
peptide hormone synthesized i in the supra 


a, 


oN ES TED 


echanism of aetion—cont ta 


f x dme UA 


"Mechanism of actióh 


e Aldosterone antago- 
nists (spironolactone 
and eplerenone) 

e Directly acting 
(amiloride and 
triamterene) 


Aft 





Low 


Osmotic effect High 





tic hormone or ADH) is a 


ipicpnd paraventricular nuclei of the 


hypothalamus and stored in posterior pituit 








~<— Synthesis 


Posterior pituitary | <—————— Storage 


e Increased 
Dorn eee ' — Release 
e Hypovo 
e Hypotension ADH 
Actions 


<— via — 


Vi receptors 

Via mediated 

Blood vessels: Vasoconstriction 
GIT: Increases peristalsis 
Liver: Glycogenolysis 
Platelets: Aggregation 

Vj, mediated 

CNS: Release of ACTH from 
anterior pituitary 


V; receptors 

Renal tubules (collecting duct): 
Increases water reabsorption, 
hence reduces urinary output 
Vascular endothelium: Release of 
clotting factor VIII and 

von Willebrand's factor from 
vascular endothelium 


Uterus: Contraction of the smooth muscle by vasopressin is mediated 


through oxytocin receptors. 


Both V; and V? are G-protein-coupled Receptors 


thetic AVP (arginine vasopressin) is a peptide, hence is not effective orally. It is 
administered by i.v., im., s.c. or intranasal routes and has a short duration of 
action (Table 4.2). 
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E a arginine vasopressin) 


A TA ts a ADD LES ou ad WY ES 


- Antidiuretic Vasopressor Duration of 


Drug effect (V2) effect (V;)_ Preparations action (hours) 
I aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaamaaaaaaaasasasauauaulultla 
Arginine 1 1 i.m., i.v., S.C. 3-4 
vasopressin and nasal 






Desmopressin 12 0.004 S.C., İ.V., nasa 8-12 


and oral 






Lypressin 








Terlipressin + i.v. 4-6 


Vasopressin analogues 


Desmopressin: It is a selective V; rece nist and is more potent than vaso- 
pressin as an antidiuretic. It/has negligible vasoconstrictor action. It is adminis- 
tered by oral, nasal and pare | 
Lypressin: It acts on both V;'and V, réCeptors. It is less potent but longer acting 
than vasopressin. Itds a istered parenterally. 

Terlipressin: It is a vasopressin with selective V} action. It is adminis- 
tered intrave ly. 







Uses of Vasopressin Analogues 


1. Due to V; réceptor-mediated actions 
(a) For emergency control of bleeding oesophageal varices: Terlipressin is 
preferred over vasopressin because it is safer. It constricts mesenteric 
blood vessels — decreases blood flow to portal vessels — reduces pres- 
sure in the varices — stops bleeding. 
(b) Vasopressin may be used before abdominal radiography to expel intes- 
tinal gas. 
2. Due to V; receptor-mediated actions 
(a) Central (neurogenic) diabetes insipidus—desmopressin is the drug 
of choice (see Table 4.3). It is not effective in nephrogenic diabetes 
insipidus. 
(b) Haemophilia and von Willebrand's disease—Desmopressin, adminis- 
tered intravenously, controls bleeding by promoting release of factor 
VIII and von Willebrand's factor. 
(c) Primary nocturnal enuresis—Administration of desmopressin at bedtime 
reduces nocturnal urine volume. 





Diabetes insipidus (DI) is a condition characterized by excretion of larp, v, ^ 
dilute urine either due to decreased secretion of ADH from the neurohype hod eu 
rogenic DI) or due to an inadequate renal tubular response to ADH ( nephtogy tts 

À S 


Jj 
.— Table4.3 — Types of diabetes insipidus with their treatment 
Central DI (Neurogenlc or pituitary) Nephrogenic DI (Renal DI) | 


e There is decreased ADH secrotion * ADH levels are normal, but rana > 
* Drug of choice: Desmopressin (since it tubules (CD) fail to res 






PONG to Ady 
has more selective action on V * Drugs: ' 
receptors) Thiazides: Exact mechanisrm of 
Route: Intranasal, oral, s.c., i.v. action of thiazides in DI is net 
Duration of therapy: Usually lifelong clear. Thi probably acs by 
Desmopressin has more selective ac- depleti and ECF voten, 
tion on V; receptors, hence preferred whi in a compensator, 


in central DI. Its action on V; receptors i ia proximal tubular leah. 
in the cells of the collecting duct re- ption of Na” and water lea, 
sults in a decrease in urine volume ( d a decrease in urine volume, * 


Other drugs (if patient does not oreover, action of thiazides in 








tolerate desmopressin) @ the early distal tubule results in 
Chlorpropamide (oral antidiabe the formation of less dilute urine 
Increases antidiuretic effect ofAD Amiloride is the preferred drug for 
on kidney 


lithium-induced nephrogenic Di 

Indomethacin reduces urine volun 
in nephrogenic DI by inhibiting rena 
prostaglandin synthesis 


Carbamazepine (anti 


sea, vomiting, diarrhoea, belching and abdominal cramps. 

2. Backache is due to uterine contraction. 

3. Vasopressin can precipitate an attack of angina by constricting coronary 
blood vessels. Hence, it is contraindicated in patients with hypertension 
and coronary artery disease. 


- Intranasal administration of desmopressin may cause local irritation and 
ulceration. 

. Fluid retention and hyponatraemia can occur (V> mediated). It should not 
be given to patients with acute renal failure. 


Syndrome of Inappropriate Antidiuretic Hormone (SIADH) Secretion 
In SIADH, there is impaired water excretion along with hyponatraemia and low 
plasma osmolality due to inappropriate ADH secretion. The conditions that m3 
be associated with syndrome of inappropriate secretion of antidiuretic hormone 
(SIADH) are head injury, meningitis, brain tumour, pulmonary diseases, ete. The 
signs and symptoms of SIADH may include anorexia, nausea, vomiting, muscle 
cramps, lethargy, coma, convulsions and death. 


DEREN WNUER * et m: Tet ae 


Treatment 
1. Restricted water intake. 
2. Drugs 


Demeclocycline is useful in the treatment of SIADH. It inhibits the action of 
ADH in the collecting duct. 


Vasopressin receptor antagonists like conivaptan (Vj,/V2) and tolvaptan 
(V; selective) are useful in the treatment of SIADH. They are non-peptides 
which are administered intravenously and orally, respectively. 
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They also impro 
e.g. metoclopram 
hydramine, etc. 


Ergot Preparatior 
Ergotamine: Oral 


. 
fri F T.aATa Praia ce OT Tse eo +. 


Adverse Effects and 
sia, tightness in the c 
the site of injection - 
vasospasm. Triptans 4 
heart disease, periph 
factor for coronary a 
be coadministered; r 
ergot derivative. 








analogue) is us 
drug (NSAID)-i: 

2. Cardiovascular 
constricts pulmi 
(a) PGE, (alpro 
before surge 

(b) Prostacyclin 
sistance. PG 

Other PGL : 

3 Dlatelets: PGI, 





(c) Cervical. 

make the 

(d) Postpartt 

of uterin 

control p 

6. Male reprod 
erectile dysfu 
Therapeutic Uses « 
1. Abortion: Pr 

of the cervix. 





Mechanism of Action. 
prostaglandins (PGs). 
COX-2. COX-1 is cons 
and kidney. PGs have i 
COX-2 is induced duri 
sible for the productio: 

Aspirin and most : 
hibit both COX-1 anc 
synthesis. The anti-int 





Aspirin 
(2-3 g/day) ~ 


7. CVS: Prolonged u 
retention. They m 
They may also de 

8. Urate excretion: 
into the renal tub 
salicylates inhibit 
produce uricosuri 


Pharmacokinetics. Sali 
are highly bound to pla 


5. Reye's syndi 
hepatic dam 
Hence, salia 

6. Pregnancy: 
and increase 
tion of PG s 

7. Analgesic r 
chronic use 
stoppage of 


Clinical Uses of NSA 
Pharmacological Act 


1. As analgesic: 
bodyache, mus 
2. As antipyretic: 
is preferred bec 
(a) Gastrointe: 
(b) It does not 
3. Osteoarthritis: 





Drug 





1. Ibuprofen 


À 
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Table 6.5 No 
fea 

Re 

fo 

Drug E w 
6. Mefenamic O 
acid Di 


TI 


-Table 6.6 





mepa Vn s deu n. if 


Nonselective Cc 





Analgesic effect | 

Antipyretic effect 
Anti-inflammaton 
Antiplatelet effec! 
(3l side effects ar 


Paracetan 
toxic metabolite Ni 





Classification 

1. Acute gout 
(a) NSAID: 
etorico: 

(b) Colchi 

(c) Glucoc 

2. Long-term 
(a) Uricost 

(by TIric ac 








Uric Acid Synthes 


Allopurinol. Allopu 
zyme xanthine oxi 
alloxanthine, is a n 
urate crystals in the 
of xanthine and hy 
Allopurinol is a 
gout. It is used in 
chemotherany rad 


— 
DRUGS USED IN ` 
Rheumatoid arthritis i 
cause. Although there : 
istic feature is persistei 
course of the disease : 
swelling of the joints a: 
progressive damage to 

Drugs used in the tr 


Methotrexate 


It is the preferred D! 
more rapid onset of 
methotrexate used i 
cancer chemotherag 
neutrophils and de 
T-cells. Methotrexate 
once weekly and inc 
can also be used in | 


ü 
* 


Leflunomide 

Its active metabolite inl 
synthesis. It inhibits T « 
with methotrexate for t 
trexate. It is completely 
about 2-3 weeks. Hen 
(diarrhoea), loss of hai 
is contraindicated in ch 


Gold Compounds 





Prolonged use n 
infection and urin: 


Glucocorticoids 


These are adjuvant 
suppress inflamm: 
cal (intraarticular) 
manifestations or 
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4. Dextromethorpl 
analgesic proper 
function in respi 
hallucinations. 

5. Antihistamines: 
are useful in coi 
actions. They prc 
allergic conditio 

6. Prenoxdiazine: . 
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chial smooth mu: 


oedema) and inc 
hyperresponsivene 

Several factors 
They include aller 
in asthma is main 





Salbutamol and ter 





Selective 8;-agonist: 
tion, they have a rap 
(within 1-5 minutes) 
duration of action. T 
ferred for acute attac 
Route and dose: Inh. 
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Pharmacokinetics. 
administration; foo 
distributed all over 
metabolized in the 


1. Theophyllin 
Is available f: 
2. Aminophylli 
tered orally « 
3. Etophylline: 
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Methylxanthines po 
(a) Bronchodila 
(b) Cardiac stim 

2. Phenytoin/rifan 
‘inducers, hence 
crease its effect. 

3. Cimetidine/cipr 
inhibitors; henc 
its metabolism. 


Mast Cell Stabili: 


Sodium cromogly 
chodilators. They 
PAE, etc. by stabili 
chial hyperreactivi 
of action is slow. 
Sodium cromogl} 
In bronchial asthr 


a a p 
QU F 
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Glucocorticoids 
1: Systemic: Hydrc 
2. Inhalational: Be 
Glucocorticoids ind 
A, and thereby prever 
SRS-A, etc. Glucocortic 
pressant effects. They: 


1 Ginnreee inflam 





Treatment of Acu 


l. 
£. 


Humidified 
Nebulized ( 
anticholinei 


. Systemic glu 


by i.v. hydr 
depending c 


. Intravenous 
= Potassiim 
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/Table7.1  Antiem 
Drugs Use 





1. Anticholinergics Mot 
(Scopolamine) 


2. Antihistamines Mot 
nes: 
INCL 





Neuroleptic: 
Neurokinin 
Cannabinoi 
Adjuvant an 
(a) Glucocor 
(b) Benzodic 


ONDU 


Anticholinergics 


Scopolamine (hyo: 
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Pharmacokinetics. 5-HT 
The metabolites are excret 
intravenous administratic 
larly. Granisetron is more 
patch of granisetron is a 
vomiting. Palonosetron h 
5-HT; antagonists. 


Uses 
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half an hour after oral 
a short half-life of 4 ho 
barrier. The drug is pat 


Uses 


1. Asan antiemetic: 
(a) Disease-assc 
(b) Drug-induce 


(c) Postoperati 
Pon AME uu —————— — 


that of domperidon 
is low because of 
metabolites are exc 
children, as it rarely 
or bromocriptine v 
crosses BBB. Henc 
induced by these dr 
dryness of mouth, c 
irregularities, 


antiemetics. It is effectiv 
central sympathomimet 
hallucinations, disorien 
antiemetic. 


Adjuvant Antiemetics 


Glucocorticoids. Gluco 
methylprednisolone are 
used in combination v 
of anticancer T drug-indu 





and glucose is low 
of water from the s 
the losses. Sodiur 
cotransporter in tl 
stool volume and i 
heat stroke and m 
diarrhoea with de 
oral rehydration sc 
instead of glucose. 


J æ 1 


Diphenoxylate: It is r 
hence is usually availa 
courage abuse or overc 
drug addiction. This di 
Loperamide: It is an. 
fect than morphine. F 
amide reduces GI mo 
secretion induced by 
orally effective and h; 
has no abuse potenti 





Aminosalicylates (F 


Sulphasalazine 

It is a prodrug and 
(5-ASA). On oral ac 
broken down by cc 
5-ASA acts locally | 
Sulphapyridine gets 
headache. Allergic si 
monitis, etc. To avok 


ES aim Ea — scu B un m ccs 


(oral, parenteral), hyd: 
Prolonged use of glucc 
effects like osteoporosi 


Antibiotics 

Metronidazole, ciproflc 
with active Crohn’s dis 
Immunosuppressants 
Azathioprine, 6-merca 


acids, increase their 
be encouraged in pa 
in those with mega 
discomfort and flat 


Stool Softeners 


Docusates 


Common docusate | 
calcium sulphosucci 
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Bisacodyl is used in 
surgery and radiologi 
inflammation. 
Sodium Picosulfate 

It is a stimulant purga 
bowel before surgery c 
Anthraquinone Deriva 
The popular anthracer 





Lactulose 


Lactulose is a disacc 
uid and powder. Or 
Colonic bacteria cor 
fluid into the lumen 
treat constipation in 
coma to reduce bloc 

It produces soft t 
and flatulence. 
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PHARMACOTHER 
‘AND GASTROESC 





PHYSIOLOGY OF G, 


The stomach secrete 
or peptic cells secret: 
Parietal or oxyntic cel 


ralle earroata allalina 





2. Ulcer protec 
Sucralfate an 
3. Drugs that r 
(a) Non-syste 
aluminu 
{b) Systemic 
^ Anti-H. pylo: 
Amoxicillin, 
subsalicylate 
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about 80-98%. PPIs are 
sodium bicarbonate to pi 
pantoprazole and lanso 
Parenteral (i.v.) formulat 
zole and rabeprazole. Th 
lized in liver and metabo 


Therapeutic Uses 


1. Peptic ulcer: PPI: 
hihit all nhacec a) 





H.-Receptor Anta: 


Histamine 
(Agonist) 








Therapeutic Uses 


1. Peptic ulcer dis 
peptic ulcer. H>-] 
healing within ^ 
4-6 weeks. Gast 
PPIs are more fi 
well tolerated. 
= AH. pylori-assoc 

bial agents to 





sucralfate is give 
reduces the absor] 
fluoroquinolones, 
istration of antacic 
common side effec 
with renal failure. 

After the introdu 
fate is effective for | 
of aspiration pneu 
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Sodium bicarbonate 
should be avoided in p 
(CCF) as it causes sodiu 
Non-Systemic Antacid: 
num hydroxide, calcit 
stomach. When this re 
bonate, so HCO; is ni 
alkalosis. 

Combination of anta 
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Drugs Useful in Gastri 


]. 


Proton pump il 
secretion — pH 
of esophageal le: 
affect LES tone. 


2. Antacids are use 


3. 


Prokinetic drugs 
of LES, enhance 
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patients with hypertensio 
disease and uncontrolled | 
(MI) or aggravate the exist 
Thrombin: It is a freeze-d 
used topically to control 
reactions. Thrombin shot 
Fibrin: It consists of fibi 
components. It is used to 
on bleeding surface. 


Deficiency: 

Vitamin K deficienc 
loss of vitamin (chr 
otics (suppression o 
tendency to bleed- 
operative bleeding. 


Preparations 
Phytonadione (Vit 
cular (i.m.) and int 


Eum 


Anticoagulants 
Anticoagulants are drug: 


Classification 
]. Used in vitro: 
(a) Heparin 
(b) Sodium citrat 
(c) Sodium oxala 
(d) Sodium edeta 
?2 UVIsed in vivo: 





Intrinsic sy 


` 
d 


XI — 
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$ 
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= » 


Protamine sulp 

from fish sperm. C 
tralizes 100 units 
itself may cause | 
maximum dose m 

2. Heparin-induced 1 
cytopaenia,. It is c 
heparin complex le 
tions can occur. Th 
with LMWHs. Her 


e ie Basan 


require routine lal 
sulfate. Fondaparit 


Parenteral Direct. 
They bind directly 
Lepirudin: It is a re 
with heparin-indu: 
and requires aPTT 
Argatroban: Argatr 
intravenous infusi 










Descarboxy factors 
II, VII, IX and X, (nonfunct 





Active vitamin K 


PIi = Protl 
ISI = Intern: 
Measuremer 
nationally b 
the standard 
2. leratogenic e 
cause nasal I 
intrauterine 
3. Skin necrosis: 


FL. 12.. 1. ĉ 


is not required. It car 


thromboembolism fol 
bleeding. 

Factor Xa Inhibitor 
Rivaroxaban, orally eff 
treatment of venous th 
It does not require aPT 
as LMWHs. The adverse 
in BP. 


Therapeutic Uses of An 


Fibrinolytics (TI 
In response to stil 
leased from vascu 
converts it to pla: 
thrombi rapidly b 
degrades fibrin an« 

streptokinase, u 
activators (Table 8 

Reteplase and t 
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/ Table&.2 | 


E 
Streptokinase 





puu 

1. Itis a protein derived 
B-haemolytic 
streptococci 


2. Streptokinase binds \ 
circulating plasminog 
form a complex that 
vates plasminogen tc 





Drugs that inhibit 


Classification 


P 
Z. 
S. 


Thromboxa 
Phosphodie 
Purinergic | 
rel, cangrelc 


aT 
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Dipyridamole (Phosphc 
It is a vasodilator. It in 
of cyclic adenosine mo 
gation. It is occasionall 
period in patients with 


Ticlopidine, Clopidogre 


They are prodrugs an 
phate DER mediated 


possible afte 
the reperfus 
thrombolytic 

Aspirin + 
ment with fi 
dergoing PCI 
In unstable «í 
shown to sigr 
stroke as com 


^) lTnranarty art 


Dietary iron [mostly Fe 


Y 
In the stomach [Fe 


In the intestinal m 





Ferrous gluconc 
Ferrous fumara 
Colloidal ferric 
Carbonyl iron « 


oe 


Other oral prepar 
citrate, etc. 

Adverse effects of 
Sla, Metallic taste, c 
preparation). 


Darontoral hroharatiny 


It can be used t 
Ferric carboxy: 
preparation which 
shell. It can be gh 
treatment is rapid 
cause pain at injec 


Adverse effects 
The injections are painful, 


nbem c«tamicsiTmn Tho orota 


General measures 
Supportive measure 
should be maintain 
Vomiting can be 
sodium bicarbonat 
Intravenous diaz 


Specific therapy 
Desferrioxamine (c 


her ity mm1ciNnNn CM 


Pharmacokinetics (Fig. 8 
factor (IF) in the stomach 
B;5: IF complex reaches te 
vitamin By gets absorbed 
balamin-II and is transpc 
is transported to liver for 
enterohepatic cycling. 


Mar 





In tobacco amb 
lactic therapy witl 
deficiency, e.g. pat 


Folic Acid 


Folic acid is a com 
nucleus. It is abur 
fruits, etc. Much « 
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Administration o 
the megaloblastic a 
abnormalities. This 
present in the body 
2. Prophylactic therap 
0.5 mg/day is given 
3. Methotrexate toxici 
antagonize methotre 
4. To increase the antic 
tered with it. 
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“Table 8.3 | 
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‘Drug 
Erythropoietin 
Analogues: Epoeti! 
alfa 









2. In the cytopl 


Cr 


Octreotide. It is m 
ministered subcuta 


Uses of octreotide 
1. Acromegaly. 
2. Symptomati 
noid syndro 
3. Diarrhoea a: 
4. Acute contrc 
blood vessel 


Preparations of FSH: 

urofollitropin - obtained 
Follitropin alfa and folliti 
Luteinizing Hormone (LH 


In females - ovarian ste 
- ovulation. 
In males - testosteron 


Preparations of LH: 





Uses of GnRH analogi 


Prostatic carcit 
Precocious pul 
Breast cancer 1 
Uterine fibroic 
Polycystic ovat 
Controlled ov. 


Adverse effects: Hot fl 


(35D Antacnnictc , 





Suckling 





‘THYROID AND ANTI 


The hormones secreted by 
(T3) and calcitonin. The t 
synthesis of thyroid horr 
pituitary, which, in turn, is 
C cells of thyroid secret: 
regulating calcium metabc 

The deficiency of thyro 
ized by mental retardatioi 
adults, it results in myxoec 
on various organ systems | 


Tiricge we)eod far t+trantin, 


ET 


Coque dt LM RT. mc em 


| Table 9.1 Feature 


Hyp 

System (Thy 
1. Metabolic Incri 
rate 

e Lipid Dec 
trigl 


e Carbohydrate Incr 
and 





thyroglobulin 
proteolysis is i 
5. Peripheral co 
thyroid IS l4 | 
periphery is ir 
glucocorticoid 


Differences Betwee 
T; (Triiodothyronin: 
Formed by DIT+MI 


ischaemia and myocar 
ism, full replacement c 
(50-100 mcg daily as 
stomach). The goal of 
TSH to normal levels; t 
2. Myxoedema coma: Th 
long standing untreate 
fection or other forms 
Diagnosis 
- Clinical feature: 
cardial effusion 


TT" 4. | |. dq» |  J* 





Thioamides (Thiourea 
Propylthiouracil, meth 
hyperthyroidism. Impc 
given on page 345. The 


Mechanism of action ¢ 
1. They inhibit thy: 
2. They inhibit iod 
3. They inhibit cou 
Propylthiouracil als 
thioamides do not hz 


Trimeoctor rt T^ TATTA Aes eT 


Important Features of F 





Propylthiouracil 





Less potent 
Highly bound to plasma 
Has short duration of ac 


——eV— BM EE 


Inhibits peripheral conv: 


No active metabolite 





Preparations and Ust 


1. Lugol's iodine 
2. Ipodate sodiur 
The above pref 
before thyroide 
vascular and d 
bleeding and c 
3. As an expecto: 
enhances expec 
4. As an antisept 


rm Ts " . 


Uses 
1. To control symptc 
2. In thyrotoxic crisi: 
3. Preoperatively bef 


Thyrotoxic Crisis (thyroi 
state due to very high le 
tures of hyperthyroidism 
(eg. atrial fibrillation), 
It is usually precipitatec 





Anabolic Steroids (Synth. 


Anabolic steroids promot 
ing in weight gain. They 
lesser androgenic activity. 
not be used because of ii 
androgenic activity with | 
bolic steroids are Nandrc 
ate (i.m.), Oxandroloni 
Methandienone (oral, i.n 


Mnemonic: NOSE. 
Uses 





Testosterc 


2. Synthetic oestroge 
(a) Steroidal: Ethir 
(b) Nonsteroidal: I 


Oestrogen has negativ 
Progesterone has negative 
pituitary (Fig. 9.8). 
Mechanism of Action (Fig. 
ERs are ERo and ERB. Ma 
uterus, vagina, ovary, breas 
in prostate and ovaries. 





deconjugation with 1 
enterohepatic cycling 


Actions of Oestrogei 
Therapeutic uses of 


1. Oral contracej 
contraception, t 
2. Postmenopau 
in postmenop 
tion. They are 
and osteopor 


a i | 
Aionnco 10 Tr T. 








¢ Delayed 


puberty 
in girls 


FIGURE 


Short-term oestr 
such as hot flushes 
The main objectiv 








ANTIOESTROGENS 
‘MODULATORS: 


Antloestrogens compete 
They include clomiphen 
Clomiphene Citrate 

It Is a nonsteroidal com) 


Mechanism of Action 


* 


Fulvestrant 
a Pure oestrogen ant 
=“ Useful in breast car 
Selective Oestrogen Rec 


Tamoxifen, raloxifene an 
and have tissue-selective 
antagonistic actions in ot 


Tamoxifen 


It is a nonsteroidal comp: 


Antinnc 





i 
4 

i 

i 

> 

. 

- 
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Raloxifene is rap: 
ability due to exten 
ment of osteoporo 
flushes, leg cramps, 
embolism. It does r 


Ormeloxifene 


Ormeloxifene, a sel 
breast and uterus. It 
Adverse effects inclt 








Menarche e 


2. Dysfunctional uteri: 





2. Contraception: It 

sloughing and sl 
3. Used for the ind 
4. For cervical riper 


Adverse Effects These 
uterine bleeding and te 


Aromatase Inhibitoi 


"y Exemestane (ste 
and anastrozole ( 


Hor 
Oral 
inje 
DN 
NE 
Combined oestrogen and Proge: 
progestin preparations‘ (Minip 
— Monophasic e No 
— Biphasic e No 


— Trinhacic 





gestodene and norgestima 
duce atherogenic risk. Dro 
ronolactone. It is devoid « 
adverse effects like weight : 
Mechanism of Action of 
action of contraceptives (F 
are described in the follov 


1. Both oestrogen anc 
axis by negative fee 
LH, which leads to 

2. Cause tubal and ut 

3. Make the endomet 


Progestin Only Pill (Minit 
Minipill contains very low 
The schedule for use of m 
Mechanism of action of 
with implantation and inl 
and there is increased risk 





Reduce incider 


Protect against 
Reduce incider 


Contraindications of 


l. 


Thromboembc 
Hypertension | 


. Chronic liver c 
. Diabetes melli 
. Epilepsy. 


2. Weight gain, fluid 
3. Impaired glucose: 
high-dose contrac 
4. Blood pressure m 
with low-dose pre 
5. Long-term adverse 
embolic disease e 
lism like smoking 
coexisting diabete 
6. Increased risk of 
long-term use. 





Hormones 
secreted 


Main actions 


Z 
N 
/ 
[ 
F 
C 
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Protein Metabolism 


Protein breakd 
lympl 


Muscle wasting, lympholy 
and growth retarda 





Muscle weakness 
and fatigue 


Prolonged use o 
(steroid myopathy). 


Central Nervous Sy 


4A 2 oL Lac aam m aes Ree 


go ee 


1. Glucocorticoids indi 
lipase A>; hence PGs 
2. Production of cytok 
inflammation is inh 
3. Glucocorticoids sta 
inflammatory medi: 
4. Glucocorticoids inh 
endothelial cells anc 


Immunosuppressant Effec 


10. 





= Growth retardatio: 
and betamethasone 


Eye: Glaucoma and 


. Central nervous s 


somnia, mood cha 
Long-term therap 
makes the patient y 
didiasis, cryptococ 
vation of latent tu 
irritation and fun; 
prevented by the u 





turn reduces adre: 
methasone is pret 


Nonendocrine diseases 

Corticosteroids are an i 
diseases. Because of the 
Nonendocrinal diseases 
cial effects of glucocor 
immunosuppressant eff 


1. Rheumatoid artl 
tomatic relief 1n : 





10. Skin diseases 


l1. 


flammation ir 
topical steroic 
conditions lil 
Psoriasis, kelc 
sional injectic 
Haematologi 
respond to gli 
ticoids are u: 
Hodgkin's di: 


Type 2 diabetes mel 
DM. It is the common 
and ageing are the ma 
hepatic production of | 
insulin. 

Hormones of pancr 
p (B) cells secrete insul 
tostatin and F (PP) cell: 


Insulin 





Pr 


[^ 


f 


Alimentary absorption 
\ 


of glucose N 





soluble insulin is r 
about 6 minutes. 


Insulin Preparatio 
Conventional Insul 


1. Bovine (bee 
residues and 
2. Porcine (pig 
acid residue 


ccm ee es my Cm ) 


Eu Table 9.7 Insulin 
b 








Class Type 
|. Rapid 1. Insulir 
acting 2. Insulir 
insulins 3. Insulir 
glulisi 
ll. Short- Hegular : 
acting insulin (c 


insulin line) 





Cannot be mi 
Lower risk of | 
Fasting blood 
Should be avc 
Insulin Detemir 


On s.c. inject 
action. 

Minimal peal 
Usually given 


Long-acting insulin an 
with regular insulins or ra 
istered separately. 

Insulin Administration 

= Insulin syringes anc 

= Pen devices: They 

subcutaneously. 

= Insulin pumps are 

Short-acting insulin, 


oTrammed tn delitvor ; 





3. Lipodystrophy (« 
jection. It may b« 
ing the injection 

4. Insulin resistanc 
insulin per day. . 
tions like traun 
regular insulin i 

5. Oedema due to. 


Diabetic Ketoacidosis 


Diabetic ketoacidosis | 
Timo 3) Ainhkotoe moll 


Drug Interactions 
1. B-Blockers X insul 
2. Salicylates X insul 
the sensitivity of | 
secretion. 


Oral Antidiabetic Drugs | 
1. Sulfonylureas 

(a) First generatio! 

(b) Second oener- 








eILUK 
o} Ájexi| 15e9| pue Aouaejod 








e ty ae a "rwr "datio 9o. mc 


io a ls we WT un ae, x "E s s m 





uieb 1u6I89^ [ 
9Je S]99JJo epiS 'UOlHnoe Jo 





Ápep|e eu; ui JO queuured 
-ed ul jnjesn eq ÁA&eui 3| 'uorn- 
Jo osneoeq eiuieeoÁA|Dod. 
UJ^ Uoneulquioo ui pesn : 








For successfi 


B cells are nece: 
absence of func 
2. Sulfonylureas i 
increasing the r 
3. They reduce the 


Pharmacokinetics. S 
highly bound to plas! 
metabolized in liver a 


Ariwaoren ECHtoaate 


gc — 


Alimentary absor, 
of glucose 





ATP-sensitive potassium 
insulin release. Repaglin 
lized mainly in the liver 
have rapid onset but shc 
They are used only in ty 

The main side effec 
the episodes are less fr 


DPP-4 (dipeptidyl pep 
Vildagliptin 

Sitagliptin inhibits DP] 
covalently with the enz 


Adverse Effects. Nausea, v 
tation of heart failure in pe 
and bladder cancer may occ 
with rosiglitazone. Its use h 


Use. Pioglitazone is used al 
in patients with type-2 diab 


a-Glucosidase Inhibitors 

These drugs should be giver 
Acarbose, Miglitol and Vog 
drates by inhibiting the enzy 


Hean à eel Fame sl 





Functions of Calcium 


Controls 
excitability of < 
nerves and muscles 


Maintains integrity anc 
regulates permeability ¢ 
cell membrane 








Clinical features of a 
hypoparathyroidism 





e Hypocalcaemia 
e Tetany 





Hypoparathyroidism 
Treatment 


1. Emergency tre; 

(a) 1096 calci 
ceases. 

(b) Oral calci 

2. Treatment of ¢ 

(a) The treatn 

(b) Oral calci 


Hyperparathyroidis. 


gs os 


Actions of Calcitonin (Ger 


Directly inhibits 
osteoclasts of bone 


J Bone resorption 





Pathways of Vitamin D P 










Ergocalciferol 
(Dietary vitamin Dj) 


25-Hydroxyergocalciferol 


è 
1 


Vitamin D deficiency : 
Hypervitaminosis D may 
min D. The signs and sym 
and polyuria. If hypercalc: 
resulting in renal failure ai 
of vitamin D, low-calciu 
glucocorticoids. 


Preparations of Vitamin I 
" Ergocalciferol (vita 
rickets in children < 

m Cholecalciferol (vit 





a interfere with mi 
quired for norma 
of action for alen 

Pharmacokinetics. Bis) 
through GI tract; a part 
mains for long from n 
urine. Zoledronate is le: 


Uses 


l. Paget's disease o 
Pacet’e diceaco Ti 








Pharmacological Act 


l. Uterus: Oxytoc 

Uterine sensitiv 

progestins. Oes 

" Non-pregna 

" In early pre 

oxytocin is 

| oxytocin gr: 

| with a shar 

| Oxytocin increases 
contractions. 


4. Kidney: Oxytocin (hi 
put. Water intoxicatio 
along with oxytocin. 

Preparations and Route of 

a Oxytocin is not effect 

a Synthetic oxytocin is 
sion or intramusculai 

a oyntometrine (1 mL 
grams), intramuscula 


Ilene 





Carbetocin 


It is an analogue of ox 
prevention of uterine a 


Ergot Derivatives 

Ergometrine and Meti 
a natural ergot alkalo 
have similar pharmac 
effect on uterus than e 


Pharmacological Acti 





Prostaglandins 
PGE, (misoprostol) and P 
the cervix, thus useful for 
Prior use of prostaglan 
oxytocin produces synerg: 
least 4-6 hours gap betwe 
Misoprostol (PGE,) | 
to prevent/treat postp: 
sublingually. 


UTERINE RELAXANT 








Prostaglandin Syntt 
NSAIDs, like indom 
synthesis. But they 
closure of ductus ar 
tension. These drug: 
labour. Both benefic 
PG synthesis. 


Magnesium Sulphat 
Magnesium sulphate 








GENERAL CONSIDER/ 
Chemotherapy 








"Harmmacolog&vy for 


Classification of Antim 
I According to the; 
(a) Bactericidal : 


Penicillins 
Cephalosi 
Aminogly: 
Fluoroqui 
Rifampicii 
Metronid: 


Il According to thei 


, ^X 


E oe 


pg ai 


Resistance to Antimicr 
It is said to occur when the : 
agent which would norma 
natural or acquired. Natural 
gram-negative bacilli are no 

In acquired resistance, m 
resistance to the same AMA 
alteration in the sequence o 
(e.g. resistance of staphyloc 
that results in resistance, o: 
comes gradually less sensit 
transfer of genes for drug re 





5. Absence of metaboli 
teria can utilize pi 
bolic steps. 


Cross-Resistance 


Organisms that develop r 
tance to other chemically 
either be one-way or two- 
amides is usually 'two-wa 
o Tetracycline <— I 
e Sulphadiazine«——— € 





Change in 
normal flora | Lack of co 


FIGURE 11.2 (a—c) Pathogenesis of superi 
rinte 
flora and pathogen). — 
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Table 11.2 Che 


Infection 





1. Meningococcal and 
Haemophilus influer 
meningitis 


2. Rheumatic fever 


——————M—————— 


r 
b p 
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Combination of Antimicrol 


It is the simultaneous use of tx 
of certain infectious diseases. 


Indications/Advantages of An 

1. To broaden the spectrum of 

pulmonary, hepatic, pelv 

and anaerobic organism 
therapy. 

= Metronidazole + cef 

2. To broaden the spectrum ¢ 

known: Combination of 


AUGUIOPY TOT venice 





List of Microorganisms 


l. 


Gram-positive co 
viridans, Streptoco 
Enterococcus. 

Gram-negative coc 
Gram-positive bacil 
tetani, Clostridium p 


. Gram-negative ba 


Salmonella, Shigeli 
cholerae. 


. Acid-fast bacilli: M 


rium avium compl 


2. History of allergy: In 
fever, etc., there is an 
should be avoided in 

3. Genetic abnormaliti. 
phones, fluoroquino 
GGPD deficiency. 

4. Pregnancy: Most of 
developing fetus. The 
ter. For example, us 
dentition and bone g 
ity with tetracycline i 


C Hast defencee: In imn 
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"Hadr miacologv ror viedic 


a Concentration 
nolones, the a 
concentration 1 
effective than r 

" Ability to pene 
- Ability to : 

against ana 
does not re: 
abscess can 
rins or com 
- Levofloxaci 
urinary tra 


uU EE 


being structurally similar to PA 
and prevent the formation of 
Sulphonamides are not effectiv 
and thymidine. Mammalian ce 
present in diet, hence are unafi 


Sulphonan 





Drug Interactions. Sulr 
ate, oral anticoagulants : 
their metabolism and d 
Therapeutic Uses. Sul; 
tions. They are used in. 


L. 


2. 


Sulphadoxine an 
in the treatment 
Sulphadiazine a1 
toxoplasmosis. 

Nocardiosis: Sul; 
Sulphamethoxaz 


a=, «. i.” vA = 


NT 

Cotrimoxazole (sulphametk 

roduces sequential blocka 
:n the same metabolic pathw 
effect. Sulphamethoxazole i 
hibits folate reductase enzyn 
match each other almost clo 
lar half-life. Optimum syne! 


(sulphamethoxazole to trim 
this combination are: 


1. Individually, both are 
2. Chances of developm 





s 
| 
| 
P 
| 
| 
s 
j 


. Bacterial respi 


and chronic bi 
useful for acut« 


. Bacterial diarrh 


gella, E. coli and 


. Typhoid fever 


levofloxacin, e 
cefoperazone) 
may also be eff 


. Pneumocystis ji 


treatment of in 
It is useful for 
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Antibacterial Spectrum 


Ciprofloxacin is the prototype c 
bic gram-negative organisms— 
Shigella, H. ducreyi, H. influenz 
Campylobacter jejuni. 

It has activity against—S. a 
tuberculosis. 

Most of the anaerobes—Ba 
ciprofloxacin. 

Newer fluoroquinolones like 
greater activity against streptocc 
Pharmacokinetics. Ciprofloxa 
is well absorbed from the gut, | 





2. Bacterial diarrh 


GI infections cat 
diarrhoea (due tc 
zole. Norfloxacin 
adequate. 

3. Typhoid fever: C 
ferred drug for - 
resolution of sy 
They are also eff 
typhi when thera 
centration in bi 
treated with cef 


GES 


i 
R— mu t 
O—C—N 


| 
Site of action of į 


FIGUR 


PENICILLINS 


Penicillin was the first antibioti 
accidentally by Alexander Flem 
Penicillium chrysogenum. 





Q-Lactams, the structi 
hibiting cross linking of 
forms are produced whi 
cidal effect when the ba 

Penicillin-binding pr 
and related proteins are 
gram-positive bacteria 1 
which is 50-100 layers t 
the peptidoglycan layer 
lipopolysaccharide laye 
penicillin than gram-po 
Mechanism of Bacterii 
(i) by producing B-lact 





Penicillin 


Penicillin G 

(benzyl peni- 
cillin, crystal- 
line penicillin) 


Repository 


LV, 
20- 
mil 
(MI 





3. Sensitivity test sh 
aspect of forearm 
A negative skin t« 
4. Inj. adrenaline a 
penicillin to treat 


Other adverse effect 
1.m. injection. Prolonge 


Jarisch-Herxheimer react 
It is an acute exacerbat 
therapy due to release o 
are fever, chills, myalgi: 


penicillin G is the ideal agent. It 
month and continued for life in 
treated with erythromycin or sul 


Limitations /Drawbacks of Peni 


1. Acid labile—orally not ve 

2. Short duration of action ( 
developed). 

3. Narrow spectrum of anti 
organisms). 

4. Destroyed by penicillinas 

5. Possibility of anaphylaxis 


F 13 





. Tabeii6 c 


Oo 


Penicillins 
(c) Extended 
spectrum 
penicillins 
* Aminopenici 
lins 


Table 11.7 Comparison 


Ampicillin 





Semisynthetic aminopenicillin 


Acid stable; incompletely absorb 
from Gl tract— alters intestinal fli 
hence diarrhoea is more commo: 
(superinfection) 


Food decreases the absorption C 
ampicillin 


Effective against Shigella and 
H. influenzae 





»1* h Fa F& i r mn ^ ilm. 
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Ticarcillin is used in co 
coside for the treatment o 
Adverse Effects. They a 
be precipitated due to sc 
fere with platelet functio 


pD-Lactamase Inhibitors 


They are clavulanic acid 
p-lactam molecules. Q-l. 
them. Co-administratior 
p-lactams by preventing 
Clavulanic Acid. It is is 
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kidney either by glomerular filt 
sporins are metabolized in th 
deacetylated in the body before 
through bile. Like penicillins, tt 
blocked by probenecid, resultin; 
action. 


Adverse Effects 


l. 


Mo 


Hypersensitivity: The mosi 
They are skin rashes, urtic 
penicillin is seen in few pa 


. Gastrointestinal disturban« 


also occur. 


. Pain at the site of i.m. ii 


cephalosporins can cause t 
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Cilastatin, a dehydr 
nem in urine. Hence, i 

Imipenem-cilastati: 
is used in mixed bacter 
gynaecologic, skin, s 
cross-reactivity with p 
rashes are the commo 


Other Carbapenem 
Meropenem and Dori 


m [Injected intravei 





. They are mainly 
the CSE 

. They are not mei 
. They are excretea 
. They have bacte 
active at alkalini 
. They cause ototo. 
. They exhibit pai 
. Transport of am 
anaerobes are res 





* ]ssafert 
aminog 
period « 

" s conve 

2. Multiple-d. 
or three eq 


Once-daily do 
and patients witl 


J. . .— ,* — — A. 


Uses. Streptomycin is 
combination with othe 
plague and brucellosis, 


Gentamicin 

It is the most commonl 
bacillary infections due t. 
also effective against grar 
cocci but not M. tubercul, 
Common properties, me 


Paromomycin 
An aminoglycoside \ 
amoebiasis, giardiasi 
encephalopathy. 


Netilmicin 
It is resistant to amin 
of the gentamicin-re 


THERAPEUTIC USE: 


= Tularaemia: S 
quinolones an 


5. Gentamicin, toby 
topically for gran 


BROAD-SPECTRUN 
Tetracyclines and chlor: 
called because of their ef 
=“ Gram-positive ar 
gonorrhoeae 
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Drugs 





Chlortetracycline 
Oxytetracycline | 
Tetracycline 


Demeclocycline 


is characterized by 
with blood and m 

6. Effects on bones 
form tetracycline- 
growing bone anc 
nancy can cause p: 
to deposition of ct 
such teeth. Tetracy 
of hepatotoxicity 
contraindicated dt 

It is also contrainc 

7 Thev mav caise ir 


Tetracyclines a« 
formation of free 

11. Malaria: Doxycyc 
agents for treatm. 
used alone for ma 

12. Amoebiasis: See r 
13. Syndrome of ina 
ADH action; henc 

14. Leprosy: It is one 
Minocycline) regii 


Advantages of Doxvcvcel 





pharmacokinetics. Chlo 
‘dly absorbed from the gu 
jon. It has a bitter taste; tc 
has been developed for p; 
lipase. Chloramphenicol | 
it also crosses placental be 
glucuronide conjugation ; 


adverse Effects. Most C 
bition of mammalian mi 


4. Rickettsial infectio 
of rickettsial disea: 
infections in childr 

5. Eye and ear infecti 
infections due to st 

6. Brucellosis: Chlore 
dicated. 


MACROLIDES 


To overcome the ; 
clarithromycin and a 


Clarithromycin (Tz 
Mechanism of actior 
administered orally. | 
for the treatment of A 
uses are mentioned i 


Table 11.11 








Azithromycin (Table 1 


It can be administered or: 
ther 1 hour before or 2 hoi 
active against H. influenza 
has wide tissue distributio 
tolerated and longer actin 


Antibacterial Spectrum ść 
1. As a drug of choic 
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Tetracyclines — 


Spectinomycin EL: 


C 
e 


l ino7nlid NN 4 


yg 


Nitrofurantoin 


It is a bacteriostatic ag 
prophylaxis of UTI due 
effects are nausea, vom 
fever, leukopaenia, ana 
polyneuropathy. 


Phenazopyridine 
It is not an antimicrobi: 
It relieves pain. burnin: 








Disease 


Gonorrhoea 


Svohilis 


DRUGS USED IN AN 
Nitroimidazoles: Metroni 
p-Lactam Antibiotics 

g Penicillins - Pipera 

= Cephalosporins - ¢ 

a Carbapenems - Im 
Fluoroquinolones: Moxifl 
Broad-Spectrum Antibiot 
Sulphonamides: Mafenid 
Others: Vancomycin, clin 





ANTITUBERCULAR | 
Tuberculosis is a chronic 

Mycobacterial infectio 
infection, it consists of ex 


of the lesion is poor, I 
decreased. 


Classification 


1. First-line antitube 


. 
= s = P 
* - a 
(m " - i 
* 


Drug (Route) 


Isoniazid (H) -— oral 





Rifampicin (R) - -oral 
Pyrazinamide (Z) - Or 


E "m a - 
Y a 
F 2 
= 
i 
- 4 


Isoniazid inhibits the 
etc. — increases plasma li 


Rifampin (Rifampicin) 

Rifampicin is a derivative 
rapidly kills intracellular : 
ing in caseous lesion). It 
subpopulations, hence rif 
Mechanism of Action. Ri 
merase and inhibits RNA | 


activity. Like INH, pyra 
but by a different mecl 
is distributed widely th 
liver and excreted in ur 
dose-dependent hepatc 
peruricaemia and may 
viduals. The other sid 
rashes. 


Ethambutol 
It is a first-line antitub: 
volved in mycobacteria 





nausea, vomiting and ab 
the drug in divided doses 
age, drug fever, skin rashi 


Ethionamide 


It is structurally similar t 
colic acids. It is a bacteric 
intracellular bacilli. It i: 
widely all over the body i 
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The choice of stan 
mended by WHO—sh 
of financial resources. 


Short-Course Chemo 
There are several sl 
are convenient, highl 
an intensive phase 
4-6 months. An exar 
is given below. 


Table 11.16 WHO. 


Treatment 

group Type of pa! 
New e New sput 
patients smear po 
(Category |) tive 


e New sput 
smear ne 


OEMEEEEEEEE 


As per RNTCP 2012 

Intensive phase (6 « 
amide, Pyrazinamide, 
(4 drugs for 18 mont 
serine. 

Pyridoxine should a 
neurotoxicity due to et 

All drugs are admin: 

To address the prob 
plus. DOTS plus is des 
is recommended in are 


Indications for Chemopra 


Newborn of a motl 
Young children («t 
Household contact: 
Patients with posit 
diabetes mellitus, n 


Pak, emn 


Sw 


Role of Glucocorticoids 


Tuberculosis is a relative c 
in certain situations, gluc 


Borderline tuberculc 
referred to as paucibac 
Drugs Used for the Tr« 


Dapsone or diaminoc 
amide, ofloxacin, mox 
used in leprosy. 


Dapsone or Diaminod 


Dapsone (Fig. 11.11), 
agent for the treatmen 


Rifampicin 
It is the most effective anc 
most of the lepra bacilli. 


Clofazimine 


It is a phenazine dye and h. 
matory effect, hence is als 
mine binds to mycobacteri 
against dapsone-resistant © 
tion. It accumulates in tiss 


(rst tls o olan m8 ovismcorl nart 


2. For paucibacillary 
a Rifampin 600 

= Dapsone 1001 
The duration 4 
followed up fo 

3. Alternative regime 
5" Clofazimine + 
mycin, etc.) d; 
minocycline d 

" For single-lesic 


Rifamnirin LA 


: logy for Medical 


5. Allylamine: Terbin: 
6. Antimetabolite: Flv 
7. Other topical anti! 

thiosulphate, selenit 


Table 11.17 
superficial myc 
1. Dermatophyt 


fai Enidarmn 


Adverse Effects. Amp 

toxic reactions are fever 

phlebitis at the site of i 
Anaemia and electro 
lipid formulations. 
Nephrotoxicity with 
therapy. 
Hepatotoxicity can c 
Headache and convi 


Formulations of Amph 
intravenous preparatio: 


ey hf £F/"*« iiai jà 


Echinocandins 
Caspofungin Acetate 
Caspofungin acetate is a sel 
Aspergillus. It is an antifung: 
in fungal cell wall. It is n 
metabolized in liver and m 
treatment of invasive asper; 
or intolerant to other antifi 
flushing, fever and phlebiti 


VMitiratfimnocin 


gm 


Table 11.48 — | 
Amphotericin B. 





Active drug 

Has broad spectrum 
Antifungal antibiotic 
Fungicidal 

Not absorbed throug 
Highly bound to plas 
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Mechanism of Action. . 
demethylase enzyme (Fig 


Sq 
Squale 


FIGURE 1 


Mieconazole and Cintrim: 





4. KTZ X Warfarin 
5. KIZ X Terfenadine 


Uses 


1. Dermatophytosis: 
T. versicolor. 

2. Candidiasis: Keto« 
replaced by triazol 

3. Otheruses include 


3. Dermatophyto: 


4. In onychomy« 
5. It is also effecti 
Voriconazole 
Itisa triazole. It is use 
Candida infections. Vi 


effects include visual 
skin rashes. It inhibit: 


Posaconazole 





Av 





GRISEOFULV 
Only for 


rlormatnenhtac 


genium 


Antiherpes Agents 
Acyclovir 


It is a synthetic, purir 
is more effective agaii 
infections. 


Mechanism of Action 


A 





Adverse Effects. Acyclov; 
and headache are the othe 
tremor, confusion, disorie 
irritation and burning. 


Acyclovir <—— 


| 









Intracellular 
activation to 


Table 11.20  Impi 


Valacyclovi 
Adverse Nausea, 
Effects vomiting, 

skin rashes, 

CNS symp- 


toms (in hig 
doses) 


ANTIRETROVIRAL DF 


Classification of antiretrc 
transcriptase inhibitors, pr 
against both HIV-1 and F 
and entry inhibitors are ac 


Nucleoside Reverse Tran: 


These drugs, after entering 
phate forms by cellular ki 
tase. Thev eet incorporated 


from GI tract, metaboli: 
urine. It crosses placenta 
Adverse Effects and Dri 
neutropaenia are the cor 
fort, headache and ins 
therapy. Long-term ther: 
lactic acidosis. 


1. Zidovudine X pa 
tion. Paracetamol 
zidovudine. This | 
and its toxicity. 


rashes, fever, nausea, pr 
insomnia, bad dreams, ai 


e Nevirapine Bu 
e Delavirdine| —* 
e Efavirenz 


Nevirapine 
It is a highly lipid-solubl 


tract It freely craceee the 


Entry or Fusion Inhibitors 
Enfuvirtide and Maraviroc 
Enfuvirtide prevents fusion 
— blocks viral entry into th 
reactions like pain and erytl 
add-on drug in patients wh 
hibit cross-resistance with r 
Maraviroc is a CCR5 cl 


CCR5- tropic strains of HI^ 
ated. Adverse effects like co 


pP" — X] p. um uw" C W D -. | 


" [favirenz (EFV): 600 | 
= Nevirapine (NVP): 20 


Regimens: For HIV-positive p 
ARV naive adults and adole: 


TDF + 3TC/FTC + EF\ 
TDF + 3TC/FTC + NV 
AZT + 3TC + EFV or 
AZT + 3TC + NVP 

If NNRTI cannot be u 


— 


Adverse Effects. These 
bone marrow suppressi 


Ribavirin 
[t is a synthetic purine m 
Ribavirin monophospha 
for the synthesis of guai 
phosphate also competi 
by oral, aerosol or i.v. ro 
Ribavirin is effective z 
treat influenza, parainflu 
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Antim: 
cycle ¢ 
Hepa 
Stages Primary tissue 
of forms 
malarial 
parasite 
Drugs Sulphadoxine 


Pyrimethamin 





Female anopheles 
mosquito 


















Sporozoites in 
salivary glands 


Parasite 
life cycle 


(v) Drugs used 
mosquito 
effect again 


4-Aminoquinolines 


Chloroquine 


Chloroquine is a 4-amino 
schizontocide against P. vit 
P. falciparum and P. knowles 
and hypnozoites ). 





Table 11.22 R 


1. Treatment of uncor 

(a) For acute attac! 

sensitive P. falc. 

Oral chloroquine 

Chloroquine 600 
later-First day 

300 mg base- 

300 mg base- 

(b) For radical cure 

Chloroquine (as i 


‘ . D ^ at. = 1 m 3 9 "AT ^ 
- ] e m 1- 1.2: g^ P Re 
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2. For severe or comp 
Parenteral antimalari 
Started. 

Then complete the ti 
able to take orally. 
Artesunate 

Dose: 2.4 mg/kg at | 
Then, once a day till 
If patient is able to t: 


Infectious mononuc 
Autoimmune disord 


Note: Uses of chloroquine: 
Tablet chloroquine pho 
Tablet chloroquine pho 


Amodiaquine 

It is a congener of chlorox 
quine. It is an erythrocytic : 
the treatment of chloroqui 
nhvlaxis of malaria owing : 


Alkaloids 
Quinine and Quinidine 


Cinchona bark contains 
important. 
Mechanism of Action. S 


Pharmacological Effects 


1. Antimalarial actic 
against all the four 
P. vivax. It has no : 


ticci1o fnrmc } 


Quinoline Methanol 


Mefloquine 

It is a synthetic quinolin 
schizontocide and has nc 
hypnozoites of P. vivax. It 
Mechanism of Action. Si 
Pharmacokinetics. Mefloc 
use because of its local irri 
bound to plasma proteins, 
cling. It is slowly excreted ir 
Uses. Mefloquine IS use 
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along with artesunate is us 
malaria. Pyrimethamine-s 
toxoplasmosis in immuno 
Preparations. Pyrimethar 
Pyrimethamine 25 mg + : 

Pyrimethamine is com 
plasma proteins, accumu 
plasma half-life (80-90 h) 
rashes, urticaria, megalob! 


Proguanil (Chloroguanide 


gi 


Tafenoquine 

It is an 8-aminoquinolin 
ites} of P. vivax; also ha 
action (t!2 is 15-19 days 


Artemisinin and Its Deri 
Artemisinin is derived fr 
tives of artemisinin are | 
compound, arteether, we 

They are highly effec 
are highly potent, rap 


Uses of Artemisinins 
Artemisinins are used in t 
falciparum malaria and sev 
Artemisinins have a sh 
They should not be used as 
tance. They are used in com 
combination therapy (AC 
vides faster clinical cure, ra 
velopment of resistance. Ar 


slowly eliminated antimal 
diadiine otr tmr tho troa 


goes 


in pregnancy and young c 
such cases. 


ANTIAMOEBIC DRUC 
Amoebiasis is a protozoal i 
mitted through faeco-oral 
Classification (According 

1. Luminal amoebicic 


hence attain high cc 
the out lumen and | 





Adverse Effects. Adverse 
tion of the drug. 


Ls 


Gastrointestinal: A 
distress, abdominal 
Allergic reactions: I 


. CNS: Dizziness, ve 


sions and ataxia 1 
therapy. 


. Disulfiram-like reac 


flushing, etc.) may 
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Adverse Effects. Advers 
tion of the drug. 


k 


Gastrointestinal: . 
distress, abdomina 


. Allergic reactions: 


CNS: Dizziness, v 
sions and ataxia 
therapy. 
Disulfiram-like rea 
flashing. etc.) may 


ees 


3. Giardiasis: Metronidazc 
for 7 days). 

4. Anaerobic infections: 
the anaerobic infectio 
intra-abdominal infect 
other anaerobic organi 
(a) In anaerobic brain 

tion with a third-ge 
(b) In antibiotic-associ: 
effective. It is cheap 
(c) Vincent's angina: M 
for treatment of V 


. Table 11.25 Other nit 


Drug 


Ornidazole 


Satranida- 
zole 


features- 


Route of 


administratior 


Oral and i.v. 
infusion 
Oral 





Amides 
Diloxanide Furoate 


Diloxanide furoate is a s 
which form osts are killa 
effective against tissue tro[ 
in the gut is split into dilo 
absorbed, the unabsorbed 
drug ot choice tor asymptc 
amoebiasis, diloxanide fu 
eradication of the oreanist 
is administered in a dose ¢ 
and rarelv causes side effe 





- Table 11.26 = Treatm 


Disease and 





causative 

organism Clinical 
Giardiasis: Diarrhc 
Giardia lamblia flatulen 
Triichomoniasis: Itching | 
Trichomonas dischar 


vaainalis vaaina 


ANTHELMINTICS 
Anthelmintics are drugs used | 


intestinal tract or tissues of th 
are called vermicides and thos 


Roundworm 
(Nematodes 


/— Table 11.27 Dru 


Infestation and parasite 


1. 


Nematodes 

(a) Roundworm (Asca 

(b) Hookworm (Ancyl 
Necator americani 

(c) Pinworm (Enterob 

(d) Whipworm (Trichu 


Uses 
|. 


Nematodes: Albendazo 
roundworm, hookworn 
mixed worm infestation: 
Neurocysticercosis: loi 
in neurocysticercosis, Ii 
of the following reason 
(a) It is cheaper, 

(b) Duration of treatm 
(c) It reaches high con 
(d) lt is less toxic and | 








Mechanism of Action 


Pyrantel par 


Stimulates ni 
receptors in th 


Persistent depol 


| 





times daily taken a 
dazole 400 mg to I 
Diethylcarbamazin 
transmission of fil 
2. Tropical eosinophi 
histaminics and glu 


Ivermectin 


It is the drug of choice in 
microfilaria of W. bancrof 


Mechanism of Action 


Pharmacokinetics. Praziq 
undergoes extensive first-p 
teins, crosses the BBB and 
Adverse Effects. The mo: 
are nausea, vomiting, abd 
itching, muscle and joint p 


Uses 


1. Schistosomiasis: Pr. 
tosomes. Praziquant 
cure rate. It is well tc 


t 


h32 


. Synthetic phase (§ 
. G, phase (premito 


(proteins and RNA 


. Mitotic phase (M 
. Go phase (resting. 


Cell cycl 





| Antimetaboli 
Antibiotic: Bl 
Taxane: Paclit 
Eninndnanhyv!l] 


3. Vinca alkaloids: Vi 
4. Taxanes: Paclitaxel, 
5. Epipodophyllotoxi 
6. Camptothecins: To 
7. Antibiotics: Actino: 
norubicin. 
8. Enzyme: L-Asparagl 
9. Miscellaneous ager 
10. Hormones and ant 
(a) Oestrogens: Eth 
(b) Selective oestro; 


F 


ulcers are due 
mucosa. 

(d) Skin and hair: 
follicles. Alopec 
titis and skin ra 

(e) Gonads: Cytoto 
mia and infertil 

(f) Fetus: Adminis 
causes abortion 

(g) Hyperuricaemi 
excessive cell « 


a Cross linkage (inhib 
Abnormal base pair 
than cytosine and re 

a Break in the PNA st 

Cell death 

Alkylating agents can al 

Nitrogen Mustards 
Cyclophosphamide 


Mechlorethamine 


It is one of the compone 
and procarbazine) regime 
care should be taken to av 


Chlorambucil 


It is a slow-acting nitrogel 
produces marked lympho 
ment for chronic lympho: 


Melphalan 
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Cisplatin is highly effectiv 
and bladder cancer. It is also 
Adverse Effects. Cisplatin is 
iting can be controlled by 5-F 

Nephrotoxicity: It can be 

Ototoxicity with hearing | 

Electrolyte disturbances: 
mia are common. Neuropatl 
shock may rarely occur. Cis 
properties. 


Carboplatin 


depletes the intracellular TF 
purines and thymidylate wl 
Methotrexate is well abs 
i.v. or intrathecally. It is b 
most of the drug is excrete 
Methotrexate is the drug 
leukaemias, Burkitt's lymp! 
Low-dose methotrexate 
tis. It prevents joint erosic 
effects. It is also used in ps 
plantation. 
Adverse Effects. See gene 


Pyrimidine Antagonlsts 
Fluorouracil (5-FU) 
5-Fluorouracil is activated 
(Fig. 11.18). This interfere 
thymidylate synthetase enz 
It is used in colorectal, u 


Fluoroure 


ym NS 


Mechanism of Action 


"M Binds to 
Paclitaxel 8 tubulin 

Paclitaxel is administer 
ian, lung, oesophageal anc 
suppression, peripheral ne 


Camptothecins 


Topotecan and irinotecan 
RAnnrhanicm nf Antinn (5 


Bleomycin 


It can be administered thrc 
of testicular and ovarian tc 
Its main side effects are hy 
There is very little bone m: 


Doxorubicin and Daunorul 


Daunorubicin is effective i 
tumours. The side effects a 
diomyopathy with CCF, hy 


uc RETURNS 


Other anticancer drugs z 

Monoclonal antibodies 
rituximab is used in chro 
infusion. 


Table 11.29 Misce 


Drug — | E 

Tyrosine kinase inhibitor 

Imatinib 
Angiogenesis inhibitor 


mem eae maAK firacriilar 





7. Aromatase inhibitor: 


in postmenopausal w 

8. GnRH agonists: The 
goserelin, leuprolide, 
(FSH) and luteinizin 
ever, suppresses the p 
ceptors. These agents 
breast cancers. 





CHELATING AGENTS 














Table 12.4 Summ: 
Drug ROA 
British Anti- i.m. 
Lewisite; BAL 
(Dimercaprol) 7 
Disodium i. V. 
edetate | E 
Calcium diso- i.v. infi 


dium edetate 


Desferrioxamine (Deferc 
tive orally as it is poorly 
(i.m./i.v.). It chelates iro 
‘ron in haemoglobin or « 
poisoning (thalassaemia 
acute iron poisoning. It « 
dialysis. 

Adverse Effects. It inclu 
ing, flushing and anaph 
dysuria, hypotension and 
insufficiency. It can cause 
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Immunostimulants 


They are drugs that enhan 
lants and their uses are giv 


Table 12.3 Immur 


Drugs Uses 





Levamisole As an 
Thalidomide Rheun 


a 
à + 
k 
a 


Classification 


bs 


1 


Phenols and relate 
nol, cresol, resorcin 
xylenol. 


. Alcohols: Ethyl alcol 


pyl alcohol. 


. Aldehydes: Form: 


glutaraldehyde. 


. Oxidizing agents: H 


ide and potassium p 


. Halogens and ha 


* Ithas keratolytic an 
worm and seborrho 
6. Hexachlorophene 
* Chlorinated phenol 
e Greater than 2% so 
* Used as an antisep 
rhoeic dermatitis. 


Chlorhexidine 


= Used as a mouthwash 
m Chlorhexidine mouths 
procedures. It is used : 
Tacte alteratinn and 





Oxidizing Agents 
They act by releasing nascen 


1. Hydrogen peroxide 
* Colourless liquid. 
n Effervescence is se 
enzyme catalase, w 
Used for cleaning we 
Can also be used t 
cal prostheses. 
2. Potassium permangai 
* Dark purple crystal 


(b) Mandl's paint 
(1) It contains 
(ii) Used topic 
(c) Lugol's iodine 
(i) Contains £ 
(ii) Used in th 
(d) Iodophores 
(1) Act by rele 
(ii) Non-irrita 
(iii) Used in bi 
ments anc 
(iv) 196 soluti: 


Dyes 
They are used topically as a 


8 (entian violet and Eb 
sores, chronic ulcers, 
=" Methylene blue is us 


Surface Active Agents (Su 


They act by lowering the : 
surfactants: 


|] Aninnic «nríactante: 
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URS Maroc mes 
MINERALS 

Minerals are inorganic co: 
potassium, calcium, magr 
hence are major minerals. 
minute quantities, hence. 


Sodium 
It is widely distributed in. 










As an antacid and 
osmotic purgative (c 


Reduces intracranial te 
(rectally) 


Phosphorus 


The important sources of | 
The daily requirement of ] 
tion of bone and teeth al 
acid-base balance. Hypop 
phosphorus, chronic use « 
ate), hyperparathyroidism 
alcoholism, etc. Clinical f 
and bones. It can be treat: 
tration of phosphorus sal 
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Mixed Vaccine 


Vaccine containing more t 
4nd tetanus toxoid (DPT), 


Active Immunization 
It can be achieved by ad 
production. 


Passive Immunization 


Measles-Mumps-Rubella 


It is a mixed vaccine. It prov 
is given intramuscularly. It 1 


Antisnake Venom Serum f 


Snake Bite 


1. Hospitalization. 

2. Symptomatic treatm 
Paracetamol can be u 
nus toxoid. Immobi 
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ms E 


supplied by the sar 
pain), capsaicin, tur 
6. Keratolytics: They a 
of the skin, e.g. salic 
warts and chronic d 
7. Antipruritics: These 
glucocorticoids, cal: 


Some of the topical dr 
Tables 12.8-12.10. 


Table 12.10 
Drug 


Ciprofloxacin 
Clotrimazole 
Gentamicin 


Betamethasone 7 





Sodium bicarbonate 





Some 
Pr 


Table 12.11 Drug: 


pedic 
Drug Formulatic 
Crotamiton 109^ lotion 


1096 crean 
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— condition 
oe nU 


1. Anaphylactic 
shock 





2. Hypoglycaemia 








. Table 12.14 
Topical therapy 


Topical steroids 
Hydrocortisone, 
clobetasol, 
triamcinolone, 
betamethasone 





Drugs. 


e Ant 
imn 
anti 

e Lov 
(e.g 
for 

e Pot 
mel 


— Table 12.14 — Drugs 
Systemic therapy 


BER EE 
Acitretin (oral) * An 
Systemic retinoid dei 
e Se 

psi 


Methotrexate (oral) ¢ De 
of : 
e Us 
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Abacavir, 472 

Abciximab, 323 

Abortion, 260 

Absorption of drugs, 11, 306 
Acarbose, 389 

Acebutolol, 103, 108t 
Acenocoumarol, 313 


Anticonvulsants, 206 See 
Antiepileptic drugs 
Antidepressants, 240-241 
atypical, 241 
Antidiarrhoeal drugs, 
293-295 
Antidiuretics, 172-175 
Antidiuretic hormone 
(ADH), 397 
Antiemetics, 286-293 
Antiepileptic drugs, 206-207 
Antifibrinolytics, 321 
Antifungal drugs, 495-496t 
Antihaemophilic factor, 312 


ges e 


Calcitriol, 395 
Calcium, 534 
carbonate, 247-248, 534 

channel blockers (CCBs), 111 

channels, 257 

edetate (calcium EDTA), 518 

gluconate, 47, 390 

lactate, 390, 533 
Candidiasis, 469 
Capreomycin, 452, 456, 459 
Captopril test, 113 
Carbachol, 57, 60-61t 
Carbamazepine, 201, 208f, 

210-211 

Carbapenems, 431-432 
Carbaryl, 571 


pF 


Cross tolerance, 39 

Crotamiton, 540t 

Cumulation, 36 

Curare, also, 68, see 
Tubocurarine 

Cutaneous larva migrans, 
501, 503 

Cyanide poisoning, 129-130 

Cyanocobalamin, also, 330, 
see Vit. Bj 

Cyclic AMP (cAMD), 278f, 279 

Cyclic GMP (cGMD), 279 

Cyclizine, 165 

Cyclooxveenase (COX) 





Drug (Continued) 

efficacy, 360f, 361f 

essential, 1 

excretion, 20-21 

factors modifying action 
of, 35-39 

interactions, 39-40 

nomenclature, 2-3 

orphan, 2 

potency, 33 

resistance, 437 

routes of administration, 
3-9 

selectivity, 132 

Duloxetine, 241, 224 

Dutasteride, 350 


Fosphenytoin, 210 
Framycetin, 435 
Frovatriptan, 256 
Frusemide. 167, See 
Furosemide 
FSH (Follicle stimulating 
hormone), 336-337 
Fulvestrant, 354 
Furazolidone, 498t 
Furosemide, 166-167 
Fusidic acid, 444 
Fusion inhibitor, 476f 


Imatinib, 515 
[midazole, 463 
Imidazoline, 101 
[mipenem, 431 
Imipramine, also, 240t, 
see Tricyclic 
hepatitis B, 477 
tetanus, 82 
[mmunosuppressant drugs, 
371-374 
in inflammatory bowel 
disease, 295-297 
in organ transplantation, 519 
in rheumatoid arthritis, 273 
Implants, 362 
Inamrinone. See Amrinone 


MAC (Mycobacterium avium 
complex): drugs for, 410 
Mafenide, 412f 
Magnesium, 155 
hydroxide, 306 
sulphate, 402 
Maintenance dose of drug, 23 
Malaria, 481 
drugs for, 481-493 
prophylaxis of, 327 
radical cure of, 490 
Malathion, also, 70, see 


Nitrofurantoin, 449 
Nitrofurazone, 524 
Nitrogen mustards, 508-509 
Nitroglycerine. 126, 128, See 
Glyceryl trinitrate 
Nitroprusside sod., 121-122 
Nitrous oxide (N20), 242 
Non-nucleoside reverse 
transcriptase inhibitors 
(NNRTIs), 477-478 
Nonsteroidal antiinflamma- 
tory drugs (NSAIDs), 
255 
Nootropics, 233 
Noradrenaline, 94 
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Phenolphthalein, 298 
Phenoxybenzamine, 99f 
Phentolamine, 99f 
Phenylephrine, 95-96 
Phenytoin, 40, 207t 
Pheochromocytoma, 102, 106 
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Pholcodeine, 276 u | 
Phosphodiesterase inhibitors, | 
322 


Phospholipase C; pathway, 29 
Photosensitivity, 45 

Physical dependence, 44 
Physostigmine, 63f 
Phytonadione (vit K;), 311, 
312 
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Ribavirin, 481 

Riboflavin (vit B;), 534t 

Rickets, 390, 395, 530-531t, 
553 

Rifabutin, 456 

Rifampin (Rifampicin), 454 

Rimantadine, 475 

Rimonabant, 99 

Risedronate, 395 

Risperidone, 238t, 240-244 

Ritodrine, 95 

Ritonavir, 478 

Rivastigmine, 62, 68 

Rivaroxaban, 313, 319 


= pee s 


Therapeutic index, 32 
Therapeutic window, 33 
Thiabendazole, 501 
Thiacetazone, 452 
Thiamine (vit Di), 534t 
Thiazide diuretics, 116-117 
Thiocolchicoside, 79, 80 
Thiocyanate sod., 130 
6-Thioguanine (6-TG), 505, 511 
Thiopentone sod., 191 
Thioridazine, 247 
Threatened abortion, 95, 
315, 402 


Thrawmkie 911 919 917 


Voglibose, 383, 389 
Volume of distribution, 
13-14 
von Willebrand's factor, 
172f, 312 
Voriconazole, 471, 495-49( 


W 

Warfarin, 316t, 317-318 

Whitfield's ointment, 472, 
527 

Whooning couch 444 


